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CHAPTER  I 


SURVEY  OF  RELATED  LITERATURE 
Introduction 

In  accordance  with  the  recent  trend  to  make  education 
more  meaningful  to  children,  the  course  of  study  in  gener- 
al science  at  the  junior-high-school  level  of  general  edu- 
cation has,  in  many  cases,  been  built  around  the  basic 
needs  of  the  pupils.    In  the  past  twenty  years  tiiere  has 
been  a  definite  swing  among  educators  away  from  teaching 
factual  matter  as  an  end  in  itself,  and  toward  the 
teaching  of  those  scientific  principles  which  are  most 
useful  in  solving  problems  which  arise  in  life  situations. 

The  Committee  for  the  Junior  High  School  Curriculum 
set  up  by  the  Department  of  Superintendence  of  the  Nation- 
al Education  Association  published  in  its  Fifth  Yearbook"^ 
the  opinion  that  a  knowledge  of  science,  to  be  of  the 
greatest  service  to  mankind,  should  be  in  the  form  of 
principles  and  laws.    It  was  further  emphasized  that  a 
course  of  study  in  science  for  the  junior  high  school 
should  be  planned  to  furnish  pupils  with  experiences 

-'-The  Junior  High  School  Curriculum,  p.  150,  Fifth 
Yearbook,  the  Department  of  Superintendence  of  the  Nation- 
al Education  Association,  Washington:  Government  Printing 
Office,  1928. 
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whereby  they  would  attain  a  knowledge  of  those  principles 
and  laws  that  are  most  valuable  socially.  These  laws  and 
principles  should  be  selected  on  the  basis  of  their  value 
in  making  the  pupil's  world  meaningful  to  him. 

In  1932  the  Committee  on  science  of  the  National 
Society  for  the  Study  of  Education  reported  the  results 
of  its  numerous  investigations  and  experiences  in  its 
Thirty-First  Yearbook.'^'    The  major  aim  of  general  education 
as  set  forth  in  this  report  is  life  enrichment.  The 
members  of  the  Committee  agree  that  this  goal  may  be 
accomplished  by  developing  an  understanding  of  principles, 
or  generalizations,  that  have  proved  most  important  during 
the  evolution  of  mankind.^    The  Committee  further  empha- 
sizes that  a  program  in  science  for  general  education 
should  be  organized  around  principles,  or  generalizations, 
that  are  functional  in  the  lives  of  boys  and  girls. ^ 

The  Committee  also  recommends  that  facts  should  be 

taught  only  as  they  can  be  used  to  facilitate  the  functional 

understanding  of  principles  and  the  development  of  their 
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associated  scientific  attitudes. 

In  19S8  the  Thayer  Commission  on  Secondary  School 

Program  for  Teaching  Science,  Thirty-First  Yearbook 
of  the  National  Society  for  the  Study  of  Education,  Part  I, 
Bloomington,  Illinois:  Public  School  Publishing  Company, 
1952. 

^Ibid.,  p.  43. 
^Ibid.,  p.  43. 
^  ^Ibid. .  p.  43. 


Curriculiim  of  the  Progressive  Education  Association 

published  the  report  of  Its  findings  on  the  function  of 

science  in  general  education.^    This  commission  propounds 

the  Idea  that  scientific  instruction  should  "be  guided 

toward  satisfying  the  needs  which  exist  in  the  basic 

aspects  of  living.    Thus,  subject  matter  to  be  Included 

in  instruction  in  science  arises  from  the  realm  of  the 

7 

pupils'  interests. 

The  Thayer  Commission  further  recommends  the  develop- 
ment of  interpretive  understandings  as  a  goal  of  scientific 
instruction  Insofar  as  these  understandings  effect  notable 

Q 

changes  in  the  individual's  behavior.      This  commission, 
moreover,  refers  to  a  generalization  of  science  as  "an 
interpretive  understanding'^  while  the  Thirty-First  Yearbook 
Committee  calls  a  generalization  a  principle. 

The  reports  of  both  groups  agree,  however,  that  the 
major  goal  of  instruction  in  science  at  all  grade  levels 
of  general  education  is  a  fimctlonal  understanding  of 
scientific  principles. 

Kilgore^  ran  an  experiment  in  1941  to  determine  if 

Progressive  Education  Association,  Commission  on 
Secondary  School  Curriculum,  Science  in  General  Education. 
New  York:  D.  Apple ton-Century  Company,  1938. 

'^Ibld..  p.  27. 

^Ibld.«  p.  55. 

^William  Arlow  Kilgore,  Identification  of  Ability  to 
Apply  Principles  of  Physics,  Teachers  College  Contribution 
to  Education,  No.  840,  pp.  5-19.    New  York:  Teachers 
College,  Columbia  University,  1941. 
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principles  should  be  emphasized  in  a  course  of  physics. 
The  author  constructed  a  principles  test  to  measure  the 
extent  to  which  pupils  were  able  to  apply  physics  princi- 
ples in  solving  new  problem  situations.    The  test  items 
were  unlike  any  problems  set  forth  in  the  textbook  the 
pupils  used,  and,  in  addition,  they  were  different  from 
any  problem  the  pupils  had  been  asked  to  solve  previously. 
For  this  survey  two  groups  of  pupils  were  used.  Each 
group  consisted  of  36  pupils  taking  the  course  in  physics. 
However,  Group  I,  the  control  group,  took  the  course  dur- 
ing the  first  semester,  while  Group  II,  the  experimental 
group,  took  the  course  during  the  second  semester.  The 
same  teachers  instructed  both  groups.    In  teaching  Group 

I,  no  principles  were  suggested,  while  in  teaching  Group 

II,  principles  were  emphasized.    At  the  end  of  each  semes- 
ter the  respective  groups  were  given  the  principles  test 
and  the  Cooperative  Physics  Test  Form  1934  prepared  by  the 
Cooperative  Test  Service  of  the  American  Council  on  Educa- 
tion.   Pupils  of  each  group  with  identical  or  comparable 
records  in  previous  high-school  science  and  with  comparable 
I.  Q.'s  were  paired  for  analysis  of  the  test  scores.  Items 
were  scored  on  the  basis  of  evidence  of  ability  to  recall 
and  to  apply  principles  pertinent  to  the  solution  of  the 
problem  situation.    The  better  results  on  the  tests  were 
obtained  by  the  pupils  in  Group  II, 

The  author  disclosed  that  a  course  of  study  in  physics 
should  comprise  the  experiences  useful  in  aiding  and  guiding 


pupils  in  acquiring  a  functional  understanding  of  princi- 
ples of  physics.  Another  recommendation  made  as  a  result 
of  this  study  was  that  principles  should  be  sought  for  in 
any  field  of  knowledge  so  that  the  layman  would  be  better 
able  to  solve  his  problems. 

Survey  of  Important  Research  Studies  Pertaining  to  the 
Determination  of  Principles  As  Objectives 
of  Science  Teaching 

As  early  as  1925  Downing-'-^  published  the  opinion  that 
there  are  three  stages  of  development  in  the  solving  of  a 
scientific  problem:  (l)  the  accumulation  of  facts,  (2) 
discovery  of  the  relation  and  sequence  of  such  facts  re- 
duced to  generalizations,  and  (S)  discovery  of  the  approxi- 
mate causes  that  underlie  such  laws  or  principles. 

In  planning  a  course  of  study  in  science  for  the 
elementary  grades  Craig-^-^  stated  that  "the  problem  in  the 
elementary  school  in  regard  to  science  is  not  so  much 
that  of  training  boys  and  girls  to  become  scientists,  as 
it  is  of  helping  them  to  become  intelligent  laymen."  To 
accomplish  this  purpose  a  course  of  study  should  be  planned 
that  will  develop  certain  objectives  which  conform  to  the 
facts,  principles,  generalizations,  and  hypotheses  of 

■'•^Elliot  R.  Downing,  Teaching  Science  in  the  Schools, 
p.  53.    Chicago:  University  of  Chicago  Press,  1925. 

''""^Gerald  S.  Craig,  Certain  Techniques  Used  in 
Developing  A  Course  of  Study  in  Science  for  the  Horace 
Mann  Elementary  School,  Teachers  College  Contribution  "to 
Education,  No.  276,  pp.  12-15 •    New  York:  Teachers  College, 
Columbia  University,  1927. 
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science  essential  to  the  understanding  of  natural  phenomena 
which  challenge  children. 

In  a  study  to  determine  the  amount  of  space  in  text- 
books  devoted  to  principles  of  science  Heinemann-^^'  analyzed 
20  textbooks  of  general  science.     In  this  study  a  principle 
of  science  was  defined  as  a  "statement  of  relationship 
frequently  causal  in  nature  between  two  facts."    It  was 
noted  that  only  a  little  more  than  12  percent  of  all  the 
reading  space  was  devoted  to  principles.     It  v/as  found  that 
the  authors  of  the  various  books  treated  principles  very 
briefly.    Furthermore,  the  authors  showed  little  agreement 
as  to  which  principles  were  of  the  greatest  importance. 
This  study  recommended  that  the  development  of  a  few 
principles  with  several  applications  is  much  better  than 
teaching  a  great  many  principles  with  only  a  few  appli- 
cations. 

In  19S4,  Dovming made  a  survey  of  more  than  a  dozen 
masters »  theses  written  at  the  University  of  Chicago  and 
from  them  drev;  up  96  principles  considered  necessary  in 
chemistry,  physics,  and  biology.    The  principles  were 
classified  and  arranged  in  order  of  importance  as  de- 
termined by  the  amount  of  subject  matter  each  principle 
required  to  make  it  intelligible • 

12 

"Ailsie  M.  Heinemann,  "A  Study  of  General  Science 
Textbooks,"  General  Science  Quarterly.  XIII  (November,  1928), 
11-23. 

13 

'  Elliot  RovTland  Dov/ning,  An  Introduction  to  the 
Teaching  of  Science,  pp.  39-48.    Chicago:  .University  of 
Chicago  Press,  1934. 


I 


In  an  attempt  to  determine  the  important  principles 

of  science  which  are  suitable  as  goals  of  instruction  in 

elementary  science  grades  I-VI,  inclusive,  Robertson-'-^ 

completed  an  extensive  investigation  in  1934.  Four 

masters*  theses  and  another  unpublished  study  from  the 

University  of  Michigan  and  three  published  studies  by 

Downing  and  two  other  unpublished  studies  from  the 

University  of  Chicago  were  analyzed  to  secure  lists  of 

major  and  minor  principles.    Criteria  for  a  principle 

were  set  up  and  a  jury  of  four  members  of  the  Department 

of  Science,  University  of  Michigan  High  School,  compared 

each  principle  with  the  criteria  and  those  that  did  not 

adhere  to  the  criteria  were  discarded.    Following  are  the 

criteria  used  in  his  study:     To  be  a  principle  a  statement 

Must  be  a  comprehensive  generalization 
Must  be  true  without  exception  within  the 

limitations  specifically  stated 
Must  be  a  clear  statement  of  a  process  or 

interaction 
Must  be  capable  of  illustration  so  as  to 

gain  conviction 
Must  not  be  a  part  of  a  larger  principle 
Must  not  be  a  definition 

Must  not  deal  with  a  specific  substance  or 
variety  or  with  a  limited  group  of  sub- 
stances or  species 

A  total  of  243  principles  were  found  which  conformed 

to  the  established  criteria.    This  list  was  then  shown  to 

15  science  teachers  who  checked  the  principles  using  a 

five  point  scale  to  determine  their  appropriateness  as 


J-^Martin  L.  Robertson,  "The  Selection  of  Science 
Principles  Suitable  as  goals  of  instruction  in  Elementary 
Science,"  Science  Education.  XIX  (February,  1935),  1-4; 
(April,  1935),  65-70. 
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goals  of  instruction  in  the  elementary  grades.     In  the 
opinion  of  the  evaluators  many  of  the  principles  were  un- 
suited  for  the  lower  grades.    Thus,  the  final  list  con- 
sisted of  11^  principles  suitable  as  goals  of  instruction 
for  grades  I  through  VI. 

Pruitt-^^  made  a  study  to  determine  the  concepts  and 
generalizations  in  the  field  of  chemistry  which  are  of 
most  distinctive  value  to  man  in  interpreting  his  environ- 
ment.   Over  fifty- thousand  pages  of  material  including 
several  issues  of  three  popular  literary  magazines,  issues 
of  four  popular  scientific  magazines  and  one  chemical 
journal,  questions  from  three  nationally  known  examinations, 
numerous  books  on  various  phases  of  science,  particularly 
chemistry,  and  one  years  issue  of  several  newspapers  were 
examined.    By  using  the  same  criteria  for  a  principle  as 
were  used  previously  by  Robertson  a  final  list  of  135  gen- 
eralizations related  to  chemistry  was  formulated  ¥/ith  the 
principles  arranged  in  the  approximate  order  of  their  im- 
portance. 

Wise-^^  carried  out  an  extensive  and  comprehensive  in- 
vestigation of  the  principles  of  the  physical  sciences. 
His  criteria  for  a  principle,  while  similar  to  Robertson* s 

1  EC 

Clarence  Martin  Pruitt,  An  Analysis,  Evaluation,  and 
Synthesis  of  Subject-Matter  Concept  and  Generalizations 
in  Chemistry.    Doctor » s^issertation.  Teachers  College, 
Coliambia  University,  19S5.    Distributed  through  Science 
Education. 

-'-^Harold  E.  Wise,  "A  Determination  of  the  Relative 
Importance  of  Principles  of  Physical  Science  for  General 
Education,"  Science  Education,  XXV  (December,  1941)  571-79; 
XXVI  (Junuary,  1948)  8-12. 


were  more  concise.    Following  are  the  criteria  used  in  this 
study: 

To  be  a  principle  a  statement  must  be  a  comprehensive 
generalization  describing  some  fundamental  pro- 
cess, constant  mode  of  behavior,  or  property- 
relating  to  natural  phenomena. 

It  must  be  true  without  exception  within  limitations 
specifically  stated. 

It  must  be  capable  of  illustration. 

It  must  not  be  a  definition. 

Using  separate  lists  of  principles  developed  by 
Arnold,  Hartman  and  Stephens,  Pruitt,  and  Robertson  and 
employing  a  reliable  technique,  Wise-^'  formulated  a  de- 
fensible list  of  272  principles  of  physical  science.  Of 
these  272  principles  S64  were  arranged  in  the  relative 
order  of  their  importance  for  general  education  grades 
I-XIV,  inclusive.    Included  in  this  composite  list  of 
principles  were  principles  of  chemistry,  geology,  and  physics 
(including  astronomy  and  meteorology)  . 

The  Thirty-First  Yearbook  Committee  recommended  that 
an  assignment  of  scientific  generalizations  to  definite 
grade  levels  be  considered  in  terms  of  increasingly  en- 
larged and  mature  understandings  of  certain  principles 
established  as  goals  of  instruction  at  every  level  of 
development.    Therefore,  this  study  by  Wise  represents 
a  partial  solution  to  the  problem  inasmuch  as  it  es- 
tablishes the  important  principles  found  in  the  field 
of  the  physical  sciences. 

'^Harold  E.  Wise,  A  Determination  of  the  Relative 
Importance  of  Principles  of  Physical  Science  for  General 
Education.    Unpublished  doctor* s  dissertation.  University 
of  Michigan,  1941. 
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In  order  to  determine  what  principles  of  science  are 

18 

foimd  in  textbooks  for  the  elementary  grades.  Reek  made 
an  investigation  of  four  series  of  textbooks  written  specif- 
ically for  grades  I  through  VI.     It  was  found  that  authors 
of  these  books  did  not  treat  principles  as  the  Thirty- 
First  Yearbook  Committee  had  suggested  and  that  the  authors 
dwelt  more  on  physical  than  on  biological  principles. 
Some  of  the  authors  did  not  attempt  to  use  principles  at 
all. 

1  q 

In  1944,  Martin      made  a  comprehensive  investigation 
of  the  principles  of  the  biological  sciences The  follow- 
ing criteria  for  a  principle  were  established  for  use  in 
this  study: 

(l)  It  must  be  a  comprehensive  generalization 
which  resumes  the  widest  possible  range  of 
facts  within  the  domain  of  facts  with  which 
it  is  directly  concerned.     The  facts  resumed 
in  the  generalization  must  denote: 

a.  Objects  and/or  events  and  the  relation 
between  them. 

b.  Properties. 

(S)  It  must  be  scientifically  true.    To  satisfy 
this  criterion: 

a.  It  must  be  verifiable;  i.e.  it  must  be 
stated  so  that  it  suggests,  directly  or 
indirectly,  a  definite  operation  of  obser- 
vations or  experiments  whereby  its  truth 
value  can  be  tested  or  verified. 

b.  It  must  be  consistent  with  the  body  of 


Doris  Lucille  Reek,  A  Study  of  the  Principles  of 
Science  Found  in  Four  Series  of  Textbook  of  Elementary 
Science.    Unpublished  master's  thesis.  University  of 
Michigan,  194S. 

-^*'W.  Edgar  Martin,  "A  Determination  of  the  Principles 
of  the  Biological  Sciences  of  Importance  for  General 
Education,"  Science  Education,  XXIX  (March,  1945),  100-105; 
XXIX  (April-May,  1945771-58-162;  XXIX  (February.  1945),  45- 
52;  School  Scierice  and  Ma thema t i c s ^   (June,  1945;,  545-550. 
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accepted  scientific  knowledge,  and  except 
for  a  few  limiting  or  singular  exceptions, 
with  all  the  data  (facts)  relevant  to  it. 

In  determining  a  defensible  list  of  300  principles 
related  to  the  field  of  biological  sciences,  Martin 
helped  to  solve  further  the  problem  set  forth  by  the  Thirty- 
First  Yearbook  Committee.    Martin  used  the  same  reliable 
technique  used  previously  by  Wise.    Since  Wise  had  already 
made  a  defensible  list  of  principles  related  to  the  field 
of  physical  science,  this  list  of  principles  related  to 
the  field  of  biological  science  completed  the  problem  of 
establishing  certain  principles  of  science  to  be  used  as 
goals  of  instruction  for  general  education  at  all  grade 
levels. 

To  determine  those  science  principles  which  should 

become  the  knov/ledge  objectives  of  the  general  science 
20 

course,  Fleish      made  a  survey  based  upon  the  scientific 
interests  of  pupils  in  grades  VII  through  XII  in  four 
Massachusetts  communities.    A  list  of  60  principles  was 
formulated  from  the  numerous  questions  submitted  by  the 
pupils.     Ten  textbooks  of  general  science  vj-ere  then 
analyzed  to  determine  which  of  the  60  principles  v/ere 
included  in  them.    It  v/as  found  that  ¥7hile  most  of  the 
textbooks  did  give  som.e  space  to  most  of  the  listed 
principles,  the  'principles  were  not  stated  in  clear  and 

^•^Sylvia  Fleish,  The  Formulation  of  the  Science 

Principles  That  Shoulo  Become  the  Objectives  of  General 

Science  Teaching  in  the  Junior  High  School.  Unpublished 
master »s  thesis,  Boston  University,  1945. 
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concise  language. 

In  a  study  to  determine  the  principles  of  science 

found  in  textbooks  written  since  publication  of  the 

21 

Thirty-First  Yearbook,  Jones      analyzed  seven  textbooks 
of  general  science  written  specifically  for  the  ninth- 
grade  level  of  general  education,    A  list  was  made  of 
the  146  principles  which  satisfied  the  follov/ing  criteria: 
A  principle  is  a  comprehensive  generalization  which 

Is  stated  definitely,  not  inferred 

Is  true  but  with  rare  exceptions  v.'ithin 

the  limitations  set  by  the  statement 
Is  a  clear  statement  of  a  dynamic  process 

or  of  an  interaction 
Is  not  merely  a  definition  or  a  description 
Is  demonstrable  experimentally 
Does  not  deal  with  specific  substances  or 

varieties 
Has  meaning  outside  of  the  context 

Jones's  study  discloses  that  authors  of  textbooks  have 
not  recognized  the  proven  value  of  organizing  the  subject 
matter  in  terms  of  principles.     It  was  also  found  that 
there  is  a  wide  diversity  in  the  number  of  principles 
found  in  the  various  textbooks.    Furthermore,  there  is 
little  or  no  agreement  among  authors  regarding  what 
principles  should  be  included  in  a  ninth-grade  textbook 
of  general  science. 

In  1947,  the  Forty-Sixth  Yearbook  Committee^^  of  the 


Ruth  V.  Jones,  A  Study  of  the  Principles  of  Science 
Found  in  Ninth  Grade  Textbooks  of  General  Science.  Un- 
published master's  thesis.  University  of  Michigan,  1946. 

2P 

"Science  Education  in  American  Schools «  Forty-Sixth 
Yearbook  of  the  National  Society  for  the  Study  of  Education, 
Part  I,  pp.  19-41,  137-208. 
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National  Society  for  the  Study  of  Education  pronounced  for 
principles  as  objectives  of  the  teaching  of  science. 
Furthermore,  the  Committee  believed  that  principles  may 
well  serve  as  a  basis  for  the  organization  of  instructional 
materials  in  science. 

Survey  of  Important  Research  Studies  Pertaining  to  the 
Effectiveness  of  Teaching  Principles  In  Terms 
of  the  Retention  of  Learning 

In  order  to  determine  the  relative  retention  by 
pupils  of  factual  knov/ledge,  their  ability  to  explain 
every  day  happenings,  and  their  ability  to  generalize 
from  facts,  a  battery  of  three  tests  v/as  given  to  a  group 
of  ninth-grade  pupils  four  months,  and  again  twelve  months, 
after  they  had  completed  a  course  in  general  science.  One 
test  required  knowledge  of  scientific  facts;  a  second  test 
necessitated  explanations  of  comjnonly  seen  phenomena;  a 
third  test  sought  the  pupils  ability  to  generalize  from 
given  facts.    The  findings  in  this  study  show  that,  although 
there  was  considerable  loss  in  information  regarding 
science,  there  was  practically  no  loss  in  ability  to 
explain  the  phenomena  that  occur  every  day  and  the  ability 
to  generalize  from  facts. 

In  a  study  conducted  by  Johnson      at  the  University 

^^Ralph  W.  Tyler,  "ViTiat  High  School  Pupils  Forget,  »^ 
Educational  Research  Bulletin.  Ohio  State  University,  IX 
(November  19,  193077  490-492. 

Palmer  0.  Johnson,  "The  Permanence  of  Learning  in 
Elementary  Botany,"  The  Journal  of  Educational  Psychology, 
XXI  (January,  1950),  57-47. 
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of  Minnesota,  an  objective  type  test  was  given  to  three 

groups  of  elementary  botany  students  at  the  end  of  three, 

fifteen,  and  twenty-seven  months,  respectively,  following 

completion  of  the  course.    Results  of  these  tests  show 

that  th&re  is  a  rapid  loss  in  factual  knowledge  between 

the  three  and  the  fifteen  month  period  while  there  is  a 

very  gradual  loss  after  the  fifteen  months • 
P5 

Wert  '    made  a  study  at  Ohio  State  University  in  which 
six  tests  were  given  to  all  the  students  in  the  elementary 
zoology  classes  to  determine  their  retention  of  certain 
knowledge,  abilities,  and  skills.     In  May  of  each  of  the 
following  three  years  similar  tests  were  again  administered 
to  those  students  who  had  taken  the  elementary  course  but 
who  had  not  continued  in  the  field  of  zoology  to  determine 
the  amount  of  learning  that  had  been  retained  at  the  end  of 
one,  two,  and  three  years  following  completion  of  the 
course.    The  results  of  this  study  indicate  that  whereas 
there  is  a  great  loss  in  factual  knowledge,  with  the  loss 
increasing  with  the  passage  of  each  year,  there  is,  however, 
no  loss  in  the  ability  to  apply  principles . in  solving  new 
problem  situations  and,  furthermore,  this  ability  Increases 
with  the  passage  of  time. 

An  investigation  involving  82  students  taking  the 
course  in  elementary  zoology  at  Ohio  State  University  was 
made  to  determine  their  relative  retention  of  learning. 

25 

James  E.  Wert,  "Twin  Examination  Assumptions," 
Journal  of  Higher  Education,  VIII  (March,  1937),  1S6-140. 
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It  was  foiand  that  fifteen  months  after  the  students  had 

completed  their  course  they  had  forgotten  much  of  the 

factual  knowledge  while  for  the  same  period  of  time  their 

ability  to  apply  scientific  principles  to  new  situations 

had  increased.^ 

A  study  was  made  at  three  high  schools  in  Ohio  in 

1934-35-56  to  ascertain  the  amount  of  retention  of  certain 

knowledge,  abilities,  and  skills  gained  from  studying  a 

course  in  high  school  chemistry.    Five  tests  were  given 

to  the  chemistry  classes  as  pre-tests  at  the  beginning  of 

the  course.    The  tests  were  again  administered  nine  months 

later.     The  tests  required  knov^ledge  of  chemical  facts, 

terminology,  formulas  and  valence,  symbols,  balancing 

equations,  and  application  of  principles.    The  results 

reported  by  Frutchey^'''  show  that  the  greatest  amount  of 

retention  was  in  the  application  of  principles. 

S8 

In  1942  Ziegler      reported  the  findings  in  an 
investigation  made  to  determine  the  numbers  of  facts  as 
v^ell  as  which  facts  were  best  retained  by  pupils  three 
years  after  they  had  studied  general  science.     It  was 
further  undertaken  to  determine  which  facts  were  best 

Ralph  W.  Tyler,  "Permanence  of  Learning,"  Journal 
of  Higher  Education,  IV  (April,  1935),  203-204. 

S'J'f.  p.  Frutchey,  "Retention  in  High  School  Chemistry," 
Educational  Research  Bulletin,  Ohio  State  University,  XVI 
"(February  17,  1957),  54-37. 

^®Robert  T.  Ziegler,  "A  Study  of  Factual  Retention 
in  General  Science,"  Science  Education,  XXVI  (February,  1942), 
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retained  by  college  freshmen  who  had  just  completed  a 
one-year  course  in  general  science. 

Thirty-five  seniors  in  high  school,  who  had  studied 
no  other  science  since  their  course  in  ninth-grade  general 
science,  and  a  matched  group  selected  from  the  freshman 
classes  in  general  science  were  administered  a  multiple- 
choice  test  near  the  end  of  the  school  year. 

The  results  of  this  experiment  indicated  significant 
differences  between  the  tv;o  groups.    The  freshmen  excelled 
in  every  part  of  the  examination.     The  high  school  seniors 
had  retained  only  those  facts  which  met  their  needs  of 
everyday  living. 

This  study  shov/s  that  even  though  some  facts  are 
practical  and  useful  schools  place  too  much  emphasis  on 
facts  that  will  not  be  retained. 

Survey  of  Important  Research  Studies  Pertaining  to  the 
Determination  of  Experiments  to  be  Used  for 
Developing  Principles  of  Science 

Both  Wise  and  Martin  have  stated  as  parts  of  their 

criteria  for  a  principle  that  a  principle  must  be  capable 

of  demonstration.    There  have,  however,  been  no  research 

studies  to  determine  experiments  vdiich  may  be  used  in 

developing  the  various  principles  of  science  at  different 

grade  levels  for  general  education. 


Summary  of  Research  Studies 
A  review  of  the  foregoing  investigations  and  surveys 
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Indicates  that  scientific  principles  and  generalizations 
are  recognized  and  justified  as  objectives  of  science 
teaching  at  all  grade  levels  for  general  education. 

Downing,  at  the  University  of  Chicago,  seems  to  be 
the  person  to  be  credited  with  the  first  emphasis  on 
generalizations  as  goals  for  science  instruction  in 
general  education.    His  work  also  produced  a  rapid  shift 
from  mere  factual  learning  as  an  end  in  itself  to  the  use 
of  facts  as  a  means  to  an  end,  the  end  being  the  formula- 
tion of  generalizations  v/hich  can  be  used  in  solving  new 
problem  situations. 

Curtis,  at  the  University  of  Michigan,  should  be 
given  much  credit  for  the  leadership  given  Robertson, 
Wise,  and  Martin  v^ho  have  done  the  greatest  amount  of 
work  in  establishing  the  essential  principles  that  should 
be  of  value  to  science  instruction  at  all  levels  of  general 
education.     Robertson's  work  in  19S4  v/as  to  be  the  ground- 
v;ork  for  Wise  and  Martin  in  compiling  their  defensible 
lists  of  physical  science  principles  and  biological  science 
principles,  respectively. 

These  two  extensive  investigations  have  established 
a  definite  concept  of  a  principle  since  they  employed 
similar  criteria  in  determining  the  scientific  principles 
of  all  fields  of  science  taught  in  general  education 
grades  I-XIV,  inclusive. 

The  studies  made  by  Tyler,  Johnson,  Wert,  Frutchey, 
and  Ziegler  give  substantial  evidence  that  the  old  idea  of 
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facts  as  an  end  in  themselves  can  be  no  longer  justified 
since  facts  that  are  not  related  to  principles  are  soon 
forgotten.     Educators  must  shift  their  emphasis  to  the 
teaching  of  facts  only  as  a  means  of  developing  scientific 
principles  to  be  used  in  solving  new  problem  situations. 

The  Problem  of  This  Investigation 
This  investigation  is  undertaken  in  an  attempt  to 
determine  v/hat  principles  of  science  are  found  in  four 
ninth-grade  textbooks  of  general  science,  published  or 
revised  since  1940,  other  than  those  textbooks  analyzed 
by  Jones  at  the  University  of  Michigan,  as  a  contribution 
toward  the  determination  of  the  principles  of  science 
found  In  all  textbooks  of  general  science  with  a  copyright 
date  later  than  1940.    It  is  further  undertaken  in  this 
investigation  to  make  a  defensible  assignment  to  the 
principles,  found  in  the  four  textbooks  analyzed,  of  the 
experiments,  the  performance  of  which  should  help  pupils 
of  the  ninth  grade  develop  an  understanding  of  the  prin- 
ciples. 

Statement  of  the  Problem 
This  investigation  is  made  (l)  to  determine  the 
principles  and  experiments  of  physical  and  biological 
science  found  in  four  ninth-grade  textbooks  of  general 
science;  and  (2)  to  assign  to  these  principles  the 
experiments,  the  performance  of  which  should  help  pupils 


of  the  ninth  grade  develop  an  understanding  of  the 
principles* 
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Scope  and  Limitations  of  This  Investigation 
This  investigation  is  limited  to  the  analysis  of 
four  textbooks  of  general  science  written  specifically 
for  the  ninth  grade  and  with  a  copyright  date  later  than 
1940. 

Only  those  principles  found  in  these  four  textbooks 
will  be  used  in  this  investigation  even  though  the 
possibility  exists  that  there  may  be  other  principles 
suitable  as  goals  of  instruction  at  the  ninth-grade  level. 

Only  those  experiments  found  in  the  same  four  text- 
books will  be  assigned  to  principles. 


i 


CHAPTER  II 


RESEARCH 


Statement  of  the  Problem 


The  purpose  of  this  part  of  the  Investigation  is 
to  determine  the  principles  of  physical  and  biological 
science  found  in  four  ninth-grade  textbooks  of  general 
science • 


Techniques  Employed 


Criteria  for  the  Selection  of  Textbooks  for  Analysis 

In  order  that  suitable  textbooks  be  used  for  this 
investigation,  the  following  criteria  for  the  selection 
of  textbooks  for  analysis  were  established:     The  text- 
books must  have  been: 

Published  or  revised  since  the  year  1940 
Published  by  a  well-knov/n  publishing  house. 
Written  specifically  for  use  at  the  ninth-grade 

level  of  general  education. 
Available  for  use  at  the  time  the  investigation 

was  started. 

The  books  selected  were: 

Meister,  Morris;  Keirstead,  Ralph  E.;  and 

Shoemaker,  Lois  M.,  Science  for  A  Better 
World,  The  Wonderv/orld  of  Science  Series. 
New  York:    Charles  Scribner»s  Sons,  1946 

Smith,  Victor  C.  and  Trafton,  Gilbert  H.,  Using 
Science.  The  Science  in  Modern  Life  Series. 
Chicago:    J.  B.  Lippincott  Company,  1946. 

Powers,  Samuel  Ralph;  Neuner,  Elsie  Flint;  Bruner, 
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Herbert  Bascom;  and  Bradley,  John  Hodgdon, 
Using  Our  World,  Adventuring  in  Science  Series. 
Boston:    Ginn  and  Company,  1946 

Dull,  Charles  E.;  Mann,  Paul  B.j  and  Johnson, 

Philip  G.,  Modern  Science  in  Man^  s  Progress, 
Modern  Science  Series.    New  York:    Henry  Holt 
and  Company,  1942 

Crlterj^a  for  the  Selection  of  Principles  from  Textbooks 

In  a  doctoral  dissertation  written  in  1941  Wise''" 
listed  264  principles  of  physical  science  in  the  relative 
order  of  their  importance  for  general  education  grades 
I-XIV,  inclusive.    Eight  other  principles  were  excluded 
from  the  list  in  accordance  with  the  criteria  and  tech- 
niques employed. 

In  a  similar  doctoral  dissertation  w^ritten  in  1944, 
p 

Martin    listed  300  major  principles  of  biological  science 
in  the  relative  order  of  their  importance  for  general 
education  grades  I-XIV,  inclusive.    Two-hundred  minor 
principles  were  excluded  from  the  list  in  accordance  V7ith 
the  criteria  and  techniques  employed. 

Inasmuch  as  only  these  investigations  contain 
comprehensive  lists  of  principles  of  the  physical  and 
biological  sciences  which  were  determined  by  defensible 
research  techniques,  it  is  considered  by  this  investigator 

%arold  E.  Wise,  A  Determination  of  the  Relative 
Importance  of  Principles  of  Physical  Science  for  General 
Education.    Unpublished  Doctor's  dissertation.  University 
of  Michigan,  1941. 

2 

William  Edgar  Martin,  A  Determination  of  the 
Principles  of  the  Biological  Sciences  of  Importance  for 
General  Education.    Unpublished  Doctor's  dissertation. 
University  of  Michigan,  1944. 
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that  Wise»s  list  of  S64  principles  of  physical  science 
and  Martin's  list  of  500  principles  of  biological  science 
are  the  best  available  lists  of  such  principles.  There- 
fore, scientific  generalizations  for  the  purposes  of  this 
investigation  are  principles  of  science  only  If  they  are 
included  as  a  comprehensive  generalization,  fotmd  in 
either  Wise's  or  Martin's  lists  of  scientific  principles 
for  purpose  of  general  education. 

Accordingly,  a  set  of  criteria  for  the  selection  of 
principles  from  textbooks  had  to  be  established.     In  1946 
Blanchet^  developed  four  criteria  to  be  used  in  selecting 
statements  of  principles  from  textbooks.  Blanchet's 
investigation  was  made  at  the  junior-college  level  of 
general  education;  therefore,  his  criteria  called  for 
complete  statements  of  the  various  principles.  Since 
principles  should,  in  the  opinion  of  many  leaders  in  the 
field  of  science  education,  be  introduced  at  one  grade 
level  and  further  developed  and  enlarged  at  higher  grade 
levels,  then  portions  of  principles  would  in  some  cases 
be  acceptable  at  the  junior-high-school  level.  Therefore, 
for  the  purpose  of  the  selection  of  principles  of  science 
from  textbooks  of  general  science  for  grades  7,  8,  and  9, 
a  group  comprising  the  Seminar  in  Science  Education  at 
Boston  University,  1946-47,  modified  Blanchet's  criteria 

Waldo  Emerson  Blanchet,  A  Basis  for  the  Selection 
of  Course  Content  for  Survey  Courses  in  the  Natural 
Sciences,  p.  118.    Unpublished  Doctor's  dissertation. 
University  of  Michigan,  1946. 
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to  read  as  follows:    A  statement  is  considered  to  be  that 
of  a  particular  principle: 

1.  If  it  expresses  completely  the  idea  embodied  in 
the  original  statement  of  the  principle  in  Wise^s 
or  in  Martin's  list;  or 

2.  If,  though  it  does  not  state  all  of  the  elements 
of  the  principle,  it  is  implied  by  the  author  or 
authors  as  being  the  said  principle;  or 

3 •  If  it  unmistakably  implies  the  principle  and  can 
be  reworded  so  that  the  principle  is  stated;  or 

4.     If,  though  it  does  not  state  the  principle  in 

full,  it  can  be  combined  justifiably  with  another 
statement  in  the  same  paragraph  or  section,  which 
together  state  the  principle  or  can  be  reworded 
to  do  so. 

Method  of  Analysis  of  Textbooks  for  Principles 

Before  an  analysis  could  be  made  of  the  textbooks 
the  master  lists  of  principles  by  Wise  and  Martin  had  to 
be  catalogued  in  order  to  eliminate  the  necessity  of 
reading  the  complete  lists  of  physical  and  biological 
science  principles  each  time  a  page  v/as-  analyzed.  Compre- 
hensive topical  headings  v/ere  selected  for  grouping  the 
physical  science  principles.    Each  of  the  264  principles 
of  physical  science  in  Vfise's  list  was  then  placed  under 
one  of  the  following  topical  headings:    Air  and  Other 
Gases  (including  Pressure),  Astronomy  (including  Gravi- 
tation), Earth's  Surface,  Fire  and  Heat,  Light,  Magnetism 
and  Electricity,  Matter,  Energy,  Sound,  Water  and  Other 
Liquids,  Weather  and  Climate,  and  principles  Involving 
Mathematical  Calculation.    Comprehensive  topical  headings 
v/ere  also  selected  for  grouping  the  biological  principles. 
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Each  of  the  300  major  biological  principles  in  Martin's 
list  was  then  placed  under  one  of  the  following  main 
topic  headings:    Adaptations  for  Survival,  Conservation, 
Evolution,  Foods  and  Energy  (including  Growth),  Functions 
of  Living  Things,  Green  Plants,  Health,  Reproduction  and 
Breeding,  and  Structure  of  Living  Things. 

With  the  principles  classified  and  criteria  for  the 
selection  of  principles  from  textbooks  established,  the 
four  textbooks  of  general  science  selected  were  then 
analyzed  page  by  page  to  determine  the  principles  included 
in  them*    Whenever  a  principle  was  found,  it  was  written 
on  a  three-by-five  file  card  with  the  book  and  page  number 
at  the  top  of  the  card.    Some  principles  were  copied  word 
for  wordj  others  were  paraphrased.     In  addition  to  this,  the 
statement  selected  as  being  the  principle  or  part  of  the 
principle  was  underscored  in  the  textbook.  If  the  principle 
appeared  later  in  the  same  book  or  in  another  book,  the 
book  and  page  numbers  were  again  placed  at  the  top  of  the 
card  on  which  the  principle  was  written.    In  every  case, 
the  statement  selected  as  being  a  principle  or  part  of  a 
principle  was  underscored  in  the  textbook  in  v/hich  it  was 
found.     In  this  manner  a  set  of  cards  was  compiled  with 
one  principle  on  each  card  accompanied  at  the  top  of  the 
card  by  the  total  number  of  books  containing  the  principle, 
along  with  the  number  of  the  page  or  pages  on  which  the 
principle  was  found  in  the  respective  books.    In  many 
instances  the  complete  principle  as  stated  by  Wise  or 
Martin  was  not  found  in  the  textbooks  written  for  the 
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ninth-grade  level  of  general  education.     Instead,  only- 
parts  of  a  principle  v/ere  found.     These  parts  of  principles 
are  hereafter  in  this  investigation  considered  to  be  minor 
principles,  the  principles  in  Wise»s  and  Martinis  lists 
being  considered  major  principles  or  generalizations. 

Index  of  Reliability  for  the  Selection  of  Principles 
from  Textbooks 

Since  the  subjective  factor  of  human  judgment  in 

the  selection  of  principles  from  textbooks  is  liable  to 

variability,  the  reliability  of  the  investigator » s 

judgment  in  the  selection  of  principles  from  textbooks 

was  determined  by  reanalyzing  100  pages  selected  at 

random  from  one  of  the  four  textbooks  two  months  after 

the  first  analysis  was  made.    This  technique  was  similar 

to  that  used  by  Robertson,  Wise,  Martin,  and  Keeslar  at 

the  University  of  Michigan.    The  "index  of  reliability" 

is  defined  as:  A 

when 

A  is  the  number  of  principles  common  to  tv/o  analyses 
of  the  same  source  material. 

B  is  the  number  of  principles  found  only  in  the 
first  analysis. 

C  is  the  number  of  principles  found  only  in  the 
second  analysis. 

Book  number  one  was  selected  for  the  reanalysis 
since  it  had  been  the  first  book  analyzed  by  the  investi- 
gator and  would  perhaps  give  a  lower  coefficient  of  re- 
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liability  on  reanalysis  than  would  any  one  of  the  other 
three.    The  investigator,  being  more  familiar  with  the 
lists  of  principles,  probably  made  a  more  accurate  analy- 
sis of  the  second,  third,  and  fourth  textbooks  than  he 
did  of  the  first  one.    The  original  analysis  of  book 
number  one  produced  sixty-one  principles.    In  the  second 
analysis,  one  of  these  principles  was  not  again  found  but 
two  new  principles  were  found,  thereby  bringing  the  final 
total  number  of  different  principles  to  sixty-three. 
Sixty  of  these  principles  were  common  to  both  analyses. 
Using  the  above  formula,  the  "index  of  reliability"  proved 
to  be  95.2  percent.    This  indicated  that  the  reliability 
of  the  investigator's  judgment  was  sufficiently  high. 

Criteria  for  the  Statement  of  a  Principle  for  Comprehension 
at  the  Ninth-grade  Level 

The  following  criteria  for  the  statement  of  a  prin- 
ciple for  comprehension  at  the  ninth-grade  level  were 
adopted  by  fifteen  science  teachers  in  a  Seminar  in 
Science  Education,  Boston  University,  1946-47,  and  were 
adhered  to  in  the  formulation  of  principles  in  this  investi- 
gation: 

To  be  a  scientific  principle  for  comprehension  at 
the  ninth-grade  level,  a  statement: 

1.    Must  be  a  comprehensive  generalization  or  a 
part  of  a  comprehensive  generalization. 

S.    Must  be  true  without  exception  within  the 
limitations  specifically  stated. 

3.  Must  not  be  a  definition. 

4.  Must  be  demonstrable  experimentally. 


•lis  'IC 


S7 

5.    Must  not  deal  v/lth  specific  substances. 

All  principles,  other  than  duplicates,  found  in  the 
four  textbooks  analyzed  which  adhered  to  the  above  five 
criteria  of  a  principle  were  then  assigned  by  the  investi- 
gator to  the  related  major  principles  in  Wise»s  list  of 
264  principles  of  physical  science,  or  in  Martin's  list  of 
300  biological  principles. 

Validation  of  the  Statements  of  Principles  for  Comprehen- 
sion at  the  Ninth-grade  Level  and  of  the  Assignn ent  of 
Those  Principles  to  Ma.jor  Principles  of  Physical  Science 
and/br  Biological  Science 

The  validity  of  the  investigator's  judgment  in  the 
statement  of  principles  found  in  the  textbooks  analyzed 
and  in  the  assignment  of  those  principles  to  major  prin- 
ciples of  physical  science  in  Wise's  list  or  of  biological 
science  in  Martin's  list  was  determined  by  the  judgment 
of  a  specialist    in  the  teaching  of  science.    He  checked 
every  principle  (l)  for  conf ormability  to  the  five  criteria 
established  for  the  statement  of  a  principle,   (S)  for 
comprehension  at  the  ninth-grade  level,  and  (5)  for  correct 
assignment  to  the  related  major  principle  or  principles 
in  Wise's  or  Martin's  list.    AIL  statements  of  principles 
Judged  by  the  specialist  as  not  conforming  to  the  criteria 
and  which  he  could  not  reword  to  conform  were  deleted  from 
the  final  list  of  principles.    Furthermore,  if  the  special- 
ist thought  that  the  language  in  the  statement  of  a  prin- 
ciple was  not  suitable  for  the  ninth-grade  level  of  com- 

■'^Vaden  W.  Miles,  Assistant  Professor  of  the  Teaching 
of  Science,  Boston  University. 
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prehension,  he  reworded  the  principle  to  make  it  com- 
prehensible at  that  grade  level. 

Moreover,  principles  Judged  by  the  specialist  not 
to  be  correctly  assigned  by  the  investigator  to  the 
related  major  principle  or  principles  in  Wise»s  or  Martinis 
list  were  so  assigned  by  the  specialist  to  the  related 
major  principle  or  principles.    Thus,  the  statements  of 
the  scientific  principles  for  comprehension  at  the 
ninth-grade  level  and  their  assignments  to  related  major 
principles  in  Wise^s  or  Martinis  list  were  validated. 

Table  I  is  a  listing  of  various  major  principles 
from  the  lists  by  Wise  and  Martin  recorded  as  major  or 
minor  principles  as  found  in  the  four  textbooks.  As 
previously  stated,  in  many  Instances  the  complete  principle 
as  stated  by  Wise  or  Martin  was  not  found  in  the  textbooks 
written  for  the  ninth-grade  level  of  general  education. 
Instead,  only  parts  of  a  principle  were  found.    These  parts 
of  principles  are  here  considered  to  be  minor  principles, 
the  principles  in  Wise's  and  Martin's  lists  being  considered 
major  principles  or  generalizations. 

In  Table  I,  all  of  the  major  principles  found  in  whole 
or  in  part  in  the  analysis  have  been  stated  v/lth  related 
minor  principles  so  found  Included  under  them.     Credit  was 
given  a  particular  textbook  only  for  that  part  of  a 
principle  which  was  included  in  it. 

Each  textbook  has  been  given  a  symbol  letter  repre- 
senting the  name  of  the  first  author  listed  on  the  title 
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page.    Thereafter,  M  represents  the  book  written  by 
Meister,  Keirstead,  and  Shoemaker;  S  the  book  written  by- 
Smith  and  Trafton;  P  the  book  written  by  Powers,  Neuner, 
Bruner,  and  Bradley;  and  D  the  book  v;rltten  by  Dull,  Mann, 
and  Johnson. 

Shown  in  Table  I  for  each  major  principle  or  each 
related  minor  principle  found  in  four  ninth-grade  text- 
books of  general  science  are:     the  textbook  in  which  the 
principle  appeared,  the  frequency  of  recurrence  (T)  of  a 
major  or  minor  principle  in  all  four  books  analyzed, 
and  the  total  number  of  different  books  (N)  in  which 
the  major  or  minor  principle  appeared. 


i 


TABLE  I 


MAJOR  AND  MINOR  PRINCIPLES  OF  SCIENCE  FOUND 
IN  FOUR  NINTH -GRADE  TEXTBOOKS  OF 
GENERAL  SCIENCE 


Principles  of 
Physical  Science 

Books  in  Vifhich 
Principles 
Occurred 

Total  Fre- 
quency of 
Occurrence 

M 

S 

P 

D 

N 

T 

Heat 

Solids  are  liquified  and 
liquids  are  vaporized  "by 
heat;  the  amount  of  heat 
used  in  this  process,  for 
a  given  mass  and  a  given 
substance,  is  specific 
and  equals  that  given  off 
in  the  reverse  process. 

When  solids  are  heated, 
they  are  changed  to 
liquids,  and  when 
liquids  are  heated, 
they  are  changed  to 
vapor • 

The  rate  of  evaporation 
of  a  liquid  varies  with 
the  temperature,  area  of 
exposed  surface,  nature 

1 

1 

1 

Table  I  is  read  thus:    The  statement  "'iiThen  solids 
are  heated. . .etc , "  is  a  minor  principle  of  the  major 
principle  formulated  by  Wise  and  to  which  the  minor 
principle  is  assigned.     It  was  found  in  book  M  once 
but  did  not  appear  in  books  S,  P,  or  D.    The  number  of 
different  textbooks  (N)  in  which  the  principle  appeared 
was  1.     The  total  number  of  times  (T)  the  principle 
appeared  in  the  four  textbooks  was  1. 


i  I  i. 
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Principles  of 
Physical  Science 

Books  in  Which 
Principles 
Occurred 

Total  Fre- 
quency of 

M 

s 

p 

D 

N 

T 

of  the  liquid  itself,  and 
saturation  and  circula- 
tion of  the  gas  in  con- 
tact with  the  liquid. 

As  liquids  are  heated, 
the  molecules  escape 
more  rapidly  because 
they  move  faster. 

1 

1 

1 

The  principle  cause  of 
wind  and  weather  changes 
is  the  unequal  heating 
of  different  portions  of 
the  earth's  surface  by 
the  sun;  thus  all  winds 
are  convection  currents 
caused  by  unequal  heating 
of  different  portions  of 
the  earth's  atmosphere, 
and  they  blow  from  places 
of  high  atmospheric  pres- 
sure to  places  of  low  at- 
mospheric pressure. 

A  mass  of  air  pushes 
a  second  mass  of  air 
when  the  pressure  of 
the  second  mass  of 
air  becomes  less. 

1 

2 

Winds  are  caused  by 
differences  in  pres- 
sure which  are  the 
results  of  differ- 
ences in  temperature. 

: 

1 

2 

2 

TABLE  I  (CONTINUED) 


Principles  of 
Physical  Science 

Books  in  IrVhich 
Principles 
Occurred 

Total  Fre- 
quency of 
Occurrence 

M 

S 

P 

D 

N 

T 

7/hen  two  bodies  of  differ- 
ent temperature  are  in 
contact,  there  is  a  con- 
tinuous transference  of 
heat  energy  from  the  body 
of  higher  temperature  to 
the  one  of  lower  tempera- 
ture, the  rate  of  which 
is  directly  proportional 
to  the  difference  of  tem- 
perature. 

When  two  bodies  of 
different  temperature 
are  in  contact,  there 
is  a  continuous  trans- 
ference of  heat  energy 
from  the  body  of  higher 
temperature  to  the  one 
of  lower  temperature. 

1 

1 

1 

Most  bodies  expand  on 
heating  and  contract  on 
cooling;  the  amount  of 
change  depending  upon  the 
change  in  temperature. 

2 

2 

2 

3 

6 

Heat  is  liberated  when  a 
gas  is  compressed,  and 
is  absorbed  when  a  gas 
expands. 

2 

1 

2 

Heat  is  liberated 
when  a  gas  is  com- 
pressed. 

1 

1 

2 

2 

Heat  is  transferred  by 
convection  in  currents 
of  gases  or  liquids, 
the  rate  of  transfer 
decreasing  with  an 

TABLE  I  (CONTINUED) 
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Principles  of 
Physical  Science 

Books  in  "ilVhich 
Principles 
Occurred 

iot.al  Fre- 
quency of 
Occurrence 

M 

S 

P 

D 

N 

T 

increase  in  the  viscosity 
of  the  circulating  fluid. 

Heat  is  transferred  by 
convection  in  currents 
of  gases  and  liquids. 

1 

1 

2 

2 

The  higher  the  tempera- 
ture of  the  air,  the 
greater  the  amount  of 
moisture  required  to 
saturate  it. 

1 

2 

2 

3 

Heat  is  conducted  by  the 
transfer  of  kinetic 
energy  from  molecule  to 
molecule. 

1 

1 

1 

Condensation  will  occur 
when  a  vapor  is  at  its 
saturation  point,  if 
centers  of  condensation 
are  available  and  if 
heat  is  withdrawn. 

When  air  is  cooled 
sufficiently,  the 
moisture  in  it  con- 
denses. 

1 

2 

2 

3 

The  volume  of  an  ideal 
gas  varies  inversely  with 
the  pressure  upon  it, 
providing  the  temperature 
remains  constant. 

1 

1 

2 

2 

If  the  volume  of  a  con- 
fined body  of  gas  is  kept 
constant,  the  pressure  is 

TABLE  I  (CONTINUED) 
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Principles  of 
Physical  Science 

Books  in  Which 
Principles 
Occur.red 

Total  Fre- 
quency of 
Occurrence 

M 

S 

P 

D 

N 

T 

proportional  to  the 
absolute  temperature. 

1 

1 

2 

2 

The  average  speed  of  mole- 
cules increases  with  the 
temperature  and  pressure; 
conversely,  the  tempera- 
ture and  pressure  in- 
crease as  the  average 
speed  of  molecules  in- 
creases and  decrease  as 
the  average  speed  of 
molecules  decreases* 

1 

1 

1 

Bodies  of  land  heat  up 
and  cool  off  more  rapidly 
and  more  readily  than 
bodies  of  water. 

1 

1 

1 

Light 

When  light  rays  pass 
obliquely  from  a  rare  to 
a  more  dense  medium,  they 
are  bent  or  refracted 
toward  the  normal  and 
when  they  pass  from  a 
dense  to  a  rarer  medium, 
they  are  bent  av/ay  from 
the  normal. 

2 

1 

2 

Refraction  of  bending 
of  light  rays  occurs 
when  light  passes 
through  objects  of 
different  densities. 

2 

1 

2 

3 

If  a  beam  of  light  falls 
on  an  irregular  surface, 
the  rays  of  light  are 
scattered  in  all  direc- 
tions. 

1 

1 

1 

3 

3 

4 


I 


\ 
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1 
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Principles  of 
Physical  Science 

Books  in  Which 
Principles 
Occurred 

Total  Fre- 
quency of 
Occurrence 

M 

S 

P 

D 

N 

T 

Parallel  light  rays  may 
be  converged  or  focused 
by  convex  lenses  or  con- 
cave mirrors ;  diverged 
by  concave  lenses  or 
convex  mirrors. 

2 

1 

2 

Parallel  light  rays 
convex  lenses. 

1 

1 

2 

2 

A  convex  lens  brings 
light  rays  together 
while  a  concave  lens 
spreads  the  rays  apart. 

1 

1 

1 

Whenever  an  opaque  object 
intercepts  radiant  energy 
traveling  in  a  particular 
direction,  a  shadow  is 
cast  behind  the  object. 

1 

2 

2 

3 

The  dispersion  of  white 
light  into  a  spectrum  by 
a  prism  is  caused  by  un- 
equal refraction  of  the 
different  wave  lengths  of 
light. 

1 

1 

1 

1 

4 

4 

Dark,  rough,  or  unpol- 
ished surfaces  absorb  or 
radiate  energy  more 
effectively  than  light, 
smooth,  or  polished 
surfaces. 

1 

2 

1 

3 

4 

Light  travels  in  straight 
lines  in  a  medium  of  uni- 
form optical  density. 

Light  travels  in 
straight  lines. 

1 

1 

1 

3 

3 
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Principles  of 
Physical  Science 

Books  in  Which 
Principles 
Occurred 

Total  Fre- 
quency of 
Occurrence 

M 

S 

P 

D 

N 

T 

When  light  is  reflected, 
the  angle  of  Incidence  is 
equal  to  the  angle  of  re- 
flection. 

1 

1 

2 

2 

The  colors  of  objects 
depend  upon  what  light 
rays  they  transmit,  absorb 
or  reflect. 

1 

1 

1 

3 

3 

The  Intensity  of  illumi- 
nation decreases  as  the 
square  of  the  distance 

* 

from  a  point  source. 

1 

1 

1 

The  darker  the  color  of  a 
surface,  the  better  it 
absorbs  light. 

1 

1 

2 

2 

An  image  appears  to  be  as 
far  back  of  a  plane  mirror 
as  the  object  is  in  front 
of  the  mirror  and  is  re- 
versed. 

1 

1 

1 

Sound 

Sound  is  produced  by 
vibrating  matter  and  is 
transmitted  by  matter. 

1 

3 

2 

1 

4 

7 

The  higher  the  pitch  of 
a  note,  the  more  rapid 
the  vibrations  of  the 
producing  body. 

2 

1 

2 

57 
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Principles  of 
Physical  Science 

Books  in  Which 
Principles 
Occurred 

Total  Fre- 
quency of 
Occurrence 

M 

S 

P 

D 

N 

T 

The  velocity  of  sound  is 
directly  proportional  to 
the  square  root  of  the 
elasticity  modulus  and 
inversely  proportional  to 
the  square  root  of  the 
density  of  the  trans- 
mitting medium. 

The  higher  the  density 
of  a  substance,  the 
faster  sound  travels 
in  it. 

1 

1 

1 

Musical  tones  are  pro- 
duced when  a  vibrating 
body  sends  out  regular 
vibrations  to  the  ear 
while  only  noises  are 
produced  when  the  vi- 
brating body  sends  out 
irregular  vibrations  to 
the  ear. 

1 

1 

1 

The  loudness  of  a  sound 
depends  upon  the  energy 
of  the  sound  waves  and, 
if  propagated  in  all 
directions,  decreases  as 
the  square  of  the  distance 
from  the  source. 

Loudness  of  a  sound 
depends  upon  the  force 
used  to  produce  it. 

1 

1 

2 

2 

Electricity 

An  electrical  charge  in 
motion  produces  a  mag- 
netic field  about  the 

:o  8^ 
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Principles  of 
Physical  Science 

Books  in  Which 
Principles 
Occurred 

Total  Fre- 
quency of 
Occurrence 

M 

S 

P 

D 

N 

conductor,  its  direction 
being  tangential  to  any 
circle  drawn  about  the 
conductor  in  a  plane 
perpendicular  to  it. 

Every  wire  carrying  a 
current  is  surrounded 
by  a  magnetic  field. 

1 

1 

1 

3 

3 

An  electrical  current 
will  flow  in  the  external 
circuit  when  two  metals 
of  unlike  chemical  activi- 
ty are  acted  upon  by  a 
conducting  solution,  the 
more  active  metal  being 
charged  negatively. 

An  electric  current  is 
produced  when  two 
different  metals  sepa- 
rated by  an  acid  solu- 
tion are  acted  upon 
chemically  by  the  so- 
lution. 

1 

1 

2 

1 

4 

5 

Electrons  will  flow  from 
one  point  to  another 
along  a  conductor  if  this 
transfer  releases  energy. 

1 

1 

1 

3 

3 

Like  electrical  charges 
repel  and  unlike  electri- 
cal charges  attract. 

1 

2 

2 

1 

4 

6 

All  materials  offer  some 
resistance  to  the  flow  of 
an  electric  current,  and 
that  part  of  the  electri- 
cal energy  used  in  over- 
coming this  resistance  is 
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Principles  of 
Physical  Science 

Books  in  Which 
Principles 
Occurred 

Total  Fre- 
quency of 
Occurrence 

M 

S 

p 

D 

N 

T 

transformed  into  heat 
energy. 

2 

2 

3 

3 

7 

An  electric  current  may 
be  produced  in  three 
ways :  by  rubbing  or 
friction,  chemical  ac- 
tion, and  the  use  of  a 
magnetic  field. 

1 

1 

1 

1 

4 

4 

Like  magnetic  poles 
always  repel  each  other 
and  unlike  magnetic 
poles  always  attract 
each  other. 

1 

1 

1 

3 

3 

In  an  uncharged  body 
there  are  as  many  pro- 
tons as  electrons  and 
the  charges  neutralize 
each  other  while  a  de- 
ficiency of  electrons 
produces  a  plus  charge 
and  an  excess  of  elec- 
trons produces  a  nega- 
tive charge. 

1 

1 

1 

3 

3 

In  a  transformer  the 
ratio  between  voltages 
is  the  same  as  that  be- 
tween the  number  of  turns. 

1 

1 

1 

3 

3 

A  magnet  always  has  two 
poles,  and  is  surrounded 
by  a  field  of  force. 

1 

1 

2 

2 
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Principles  of 
Physical  Science 


Books  in  Which 
Principles 
Occurred 


S    P    D  N 


Total  Fre- 
quency of 
Occurrence 


EnerpLY 


When  waves  strike  an  ob- 
ject, they  may  either  be 
absorbed,  transmitted, 
or  reflected. 

When  light  waves  strike 
an  object,  they  may 
either  be  absorbed, 
transmitted,  or  re- 
flected. 

When  a  sound  wave 
strikes  a  solid  object, 
its  energy  may  be  ab- 
sorbed often  causing 
the  object  to  vibrate 
or  the  wave  may  be  re- 
flected. 


Energy  can  never  be 
created  or  destroyed 
(except  in  nuclear  physics) ; 


it  can  be  changed  from 
one  form  to  another  with 
exact  equivalence. 


Energy  is  often  trans- 
mitted in  the  form  of 
waves. 


I 


The  more  nearly  verti- 
cal the  rays  of  radiant 
energy  the  greater  the 
number  that  will  fall 
upon  a  given  horizontal 
area,  and  the  greater  is 
the  amount  of  energy  that 
will  be  received  by  that 
area. 
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Principles  of 
Physical  Science 

Books  in  Which 
Principles 
Occurred 

Total  Fre- 
quency of 
Occurrence 

M 

S 

P 

D 

N 

T 

The  greatest  amount  of 
radiant  energy  is  ab- 
sorbed by  a  surface  at 
right  angles  to  the 
rays. 

X 

J. 

1 

Radiant  energy  travels  in 
waves  along  straight  lines 
its  intensity  at  any  dis- 
tance from  a  point  source 
is  inversely  proportional 
to  the  square  of  the  dis- 
tance from  the  source. 

» 

Radiant  energy  travels 
in  waves  along  straight 
lines. 

1 

1 

1 

Matter  may  be  transformed 
into  energy  and  energy 
into  matter,  the  sum-total 
matter  plus  energy,  re- 
mains constant. 

1 

2 

2 

3 

Mechanics 

Any  two  bodies  attract  one 
another  with  a  force  which 
is  directiy  proportional 
to  the  attr.  oting  masses 
and  inversely  proportional 
to  the  square  of  the  dis- 
tance between  their  cen- 
ters of  mass. 

TheT^fi  \r  a  foTCf'   fall  e'ci 
gravity  which  exerts  a 
pull  between  any  two 
objects  no  matter  what 
their  size  nor  where 
they  are. 

1 

1 

1 
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Principles  of 
Physical  Science 

Books  in  V/hich 
Principles 
Occurred 

Total  Fre- 
quency of 
Occurrence 

M 

s 

P 

D 

N 

T 

The  force  of  attraction 
between  any  two  bodies 
decreases  as  the  dis- 
tance between  them  in- 
creases. 

1 

1 

1 

Movements  of  all  bodies 
in  the  soalr  system  are 
due  to  gravitational 
attraction  and  inertia. 

1 

1 

1 

Bodies  moving  in  the 
solar  system  attract 
each  other  by  a  force 
called  gravity. 

1 

1 

2 

2 

The  natural  movements  of 
air,  water,  and  solids  on 
the  earth  are  due  chiefly 
to  gravity  plus  rotation 
of  the  earth. 

All  bodies  are 
attracted  to  the  earth 
by  a  force  called 
gravity. 

1 

2 

1 

3 

k 

G-ravity  causes  liquids 
to  flow  down  hill. 

1 

1 

2 

2 

At  any  point  on  the  earth' 
surface,  all  bodies  fall 
with  a  constant  acceler- 
ation which  is  independent 
of  the  mass  or  size  of  the 
body,  if  air  resistance  be 
neglected. 

3 

1 

1 

1 
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The  pressure  of  a  fluid 
in  the  open  is  equal  to 
the  weight  of  the  fluid 
above  a  unit  area  in- 
cluding the  point  at 
which  the  pressure  is 
taken;  it  therefore 
varies  as  the  depth  ajid 
average  densitv  of  the 
fluid. 

The  pressure  under 
water  becomes  greater 
as  the  depth  becomes 
greater. 

1 

1 

2 

2 

A  body  emersed  or  floating 
in  a  liquid  is  buoyed  up 
by  a  force  equal  to  the 
weight  of  the  fluid  dis- 
placed* 

1 

2 

1 

3 

4 

The  atmospheric  pressure 
decreases  with  increasing 
water  vapor  content,  othei 
things  being  equal. 

1 

1 

1 

When  pressure  is  applied 

a  closed  container,  it  is 
transmitted  in  exactly 
the  same  intensity  to 
every  area  of  the  con- 
tainer in  contact  with 
the  fluid. 

1 

1 

1 

In  moving  air,  wind  pres- 
sure increases  as  the 
square  of  the  velocity. 

1 

1 

1 
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The  pressure  at  a  point 
in  any  fluid  is  the  same 
in  all  directions. 

1 

1 

2 

2 

Bodies  in  rotation  tend 
to  fly  out  in  a  straight 
line  which  is  tangent  to 
the  arc  of  rotation. 

1 

1 

1 

The  energy  which  a  body 
possesses  on  account  of 
its  motion  is  called 
kinetic  energy  and  is 
proportional  to  its  mass 

velocity. 

The  energy  possessed 
by  a  moving  object  is 
called  kinetic  energy. 

1 

1 

2 

2 

When  the  resultant  of 
all  the  forces  acting  on 
a  body  is  zero,  the  body 
will  stay  at  rest,  if  at 
rest,  or  it  will  keep  in 
uniiorm  mouion  m  a 
straight  line,  if  it  is 
in  motion. 

2 

1 

1 

3 

4 

A  body  in  motion  tends 
to  remain  in  motion. 

1 

1 

1 

Centrifugal  force  is 

u.  J.X  c    u  J.  jr          KJ  jjyjx  u  j-ciidx 

the  square  of  the  veloci- 
ty, to  the  mass,  and  in- 
versely proportional  to 
the  radius  of  rotation. 

1 

1 

1 
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"body  is  proportional  to 
the  resultant  force 
acting  on  that  body  and 
is  in  the  direction  of 
the  force. 

1 

1 

1 

The  energy  which  a  body 
possesses  on  account  of 
its  position  or  form  is 
called  potential  energy 
and  is  measured  by  the 
work  that  is  done  in 
order  to  bring  it  into 
the  specified  condition. 

The  energy  which  a 
body  possesses  on 
account  of  its  posi- 
tion is  called  poten- 
tial energy. 

1 

1 

1 

3 

3 

A  spinning  body  offers 
resistance  to  any  force 
which  changes  the  direc- 
tion of  the  axis  about 
which  the  body  rotates. 

1 

1 

1 

Sliding  friction  is  de- 
pendent upon  the  nature 
and  condition  of  the 
rubbing  surfaces,  pro- 
portional to  the  force 
pressing  the  surfaces  to- 
gether and  independent  of 
area  of  contact. 

Sliding  friction  is 
dependent  upon  the 
nature  and  condition 
of  the  rubbing  surfaces 

2 

1 

2 
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The  work  obtained  from  a 
simple  machine  is  always 
equal  to  the  work  put 
into  it  less  the  work 
expended  in  overcoming 
friction. 


In  the  lever  the  force 
times  its  distance  from 
the  fulcrum  equals  the 
weight  times  its  distance 
from  the  fulcrum. 


In  the  inclined  plane, 
weight  times  height  equals 
acting  force  times  length, 
providing  friction  is  neg- 
lected and  the  force  is 
parallel  to  the  plane. 


G-eolo^Y 


The  earth's  surface  may  be 
elevated  or  lowered  by  in- 
terior forces. 

The  earth's  surface  may 
be  elevated  by  interior 
forces • 


When  elevations  or  de- 
pressions are  created  upon 
the  surface  of  the  earth, 
the  elevations  are  usually 
attacked  by  the  agents  of 
erosion,  and  the  materials 
are  carried  to  the  de- 
pressions . 
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Streams,  generally,  are 
lowering  the  surface  in 
some  places  and  building 
It  up  in  other  places. 

1 

1 

1 

Streams,  potentially, 
have  a  regular  cycle ; 
youth,  maturity,  and  old 
age. 

1 

1 

1 

G-lacial  conditions  are  as 
a  rule  approached  by  in- 
creasing latitudes  or 
altitudes. 

1 

1 

1 

Chemistry 

All  substances  are  made  up 
of  small  particles  called 
molecules  which  are  alike 
in  the  same  substance 
(except  for  variations  in 
molecular  weight  due  to 
isotcoes)  but  different  in 
different  substances. 

1 

1 

1 

All  substances  are  made 
up  of  tiny  particles 
called  molecules. 

1 

1 

2 

2 

All  matter  is  composed  of 
single  elements  or  combi- 
nations of  several  ele- 
ments and  can  be  analyzed 
by  chemical  processes  and 
divided  into  these  con- 
stituents. 

1 

1 

1 

1 
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Elements  are  made  up  of 
small  particles  of  matter 
called  atoms  which  are 
alike  in  the  same  element 
(except  for  occasional 
differences  in  atomic 
weight;  i.e.  isotopes) 
but  different  in  differ- 
ent elements. 

1 

JL 

T 

1 

Atoms  of  all  elements  are 
made  up  of  protons,  neu- 
trons, and  electrons,  and 
differences  between  atoms 
of  different  elements  are 
due  to  the  number  of  pro- 
tons and  neutrons  in  the 
nucleus  and  to  the  con- 
figuration of  electrons 
surrounding  the  nucleus. 

1 

2 

2 

3 

Atoms  of  all  elements 
are  made  up  of  protons 
and  electrons. 

1 

1 

2 

2 

The  total  mass  of  a  quan- 
tity of  matter  is  not  al- 
tered by  any  chemical 
changes  occurring  among 
the  materials  composing 
it. 

1 

1 

2 

2 

The  electrons  within  an 
atom  form  shells  about  the 
nucleus,  each  of  which 
contains  a  definite  num- 
ber of  electrons. 

1 

1 

2 

2 

Elements  may  be  changed 
into  other  elements. 

1 

1 

1 
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The  cell  is  the  unit  of 
structure  and  function 
in  all  organisms. 


Every  cell  consists 
essentially  of  a  mass  of 
protoplasm  which  is  usu- 
ally differentiated  into 
a  central  portion,  the 
nucleus,  and  an  outer 
portion,  the  cytoplasm. 

Every  cell  consists  of 
a  mass  of  protoplasm, 
including  the  central 
part  which  is  called 
the  nucleus. 


Cells  are  organized  into 
tissues,  tissues  into 
organs,  and  organs  into 
systems,  the  better  to 
carry  on  the  functions  of 
complex  organisms. 


Protoplasm  is  the  physi- 
cal basis  of  all  life. 


In  the  presence  of  sun- 
light the  chloroplasts 
of  chlorophyll-bearing 
plants  convert  carbon 
dioxide  and  water  into 
intermediate  substances, 
and  these  into  sugar,  and 
that  into  starch,  and 
liberate  oxygen;  thus, 
directly  or  indirectly, 
producing  practically  all 
the  food  in  the  world. 


1 


TABLE  I  (CONTINUED) 


50 


Principles  of 
Biological  Science 

Books  in  Which 
Principles 
Occurred 

Total  Fre- 
quency of 
Occurrence 

M 

S 

P 

D 

N 

T 

Green  plants  are  the 
source  of  practically 
all  food. 

2 

1 

1 

3 

4 

The  forms  of  all  chloro- 
phyll-bearing plants  are 
adapted  for  carrying  on 
photosynthesis . 

2 

1 

2 

maintained  through  inter- 
relations of  plants  and 
animals  with  each  other 
and  with  their  physical 
environment. 

1 

1 

1 

3 

3 

Living  things  are  not 
distributed  uniformly  or 
at  random  over  the  sur- 

1  aCc    Ol     Uiic    C^dX  bily     uu.  u 

are  found  in  definite 
zones  and  local  regions 
where  conditions  are 
favorable  to  their  sur- 

V  X  V  ex  J.  . 

1 

1 

1 

All  plants  and  animals 
are  engaged  in  a  constant 
struggle  for  energy. 

1 

2 

2 

3 

The  existing  forms  of 
life  on  the  earth  are  not 
all  the  forms  of  life 
which  have  existed;  there 
has  been  a  great  variety 
of  animals  and  plants 
which  have  passed  away. 

1 

1 

2 

2 
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The  earth's  position  in 
relation  to  the  sun  is  a 
determining  factor  of 
life  on  earth. 

1 

1 

1 

Reproduction  is  a  funda- 
mental biological  pro- 
cess that  provides  for 
the  continuance  of  life 
on  the  earth  by  provid- 
ing new  individuals* 

1 

1 

1 

All  life  comes  from  pre- 
ceding life. 

X 

J. 

2 

In  sexual  reproduction  a 
male  cell  from  one  parent 
unites  with  a  female  cell 
from  the  other  parent  to 
produce  the  young  (except 
in  a  few  cases  of  self- 
fertilization)  • 

2 

1 

2 

3 

5 

In  sexual  reproduction 
an  egg  cell  and  a  sperm 
cell  unite  to  form  a 
new  individual. 

1 

1 

1 

Reproduction  in  all  organ- 
isms is  a  process  of 
growth  in  which  a  single 
cell  or  a  group  of  cells 
is  separated  from  the 
parent  body  and  develops 
into  a  new  individual. 

1 

1 

1 

The  most  primitive  method 
of  reproduction  employed 
by  organisms  is  the 

Boston  Utifvpr^iiy 
School  of  Education 
\  Library 
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splitting  of  the  whole 
body  into  two  halves, 
each  of  which  grows  into 
a  complete  new  individual. 

1 

1 

2 

2 

Living  things,  even  of 
the  same  kind,  are  never 
exactly  alike,  not  even 
with  regard  to  single 
traits  (characteristics) 
such  as  color  or  shape. 

2 

1 

2 

Living  things  alter  their 
types.     Present  species 

lid V  c    liU  o    dJ.  Wctjr  o  cAXbOoU. 

but  have  originated  by 
descent  from  others  which 
in  turn  were  derived  from 
still  earlier  ones  and  so 
down  to  the  first  living 
things . 

1 

1 

1 

3 

5 

The  first  forms  of  life 
were  altogether  independ- 
ent, but  evolution  has 
resulted  in  the  general 
interdependence  of  organ- 
isms. 

1 

1 

2 

2 

The  present  is  the  key  to 
the  past;  the  succession 
of  fossils  in  the  rocks 
shows  a  progressive 
series  from  simple  to 
comiDlex* 

1 

1 

2 

2 

In  a  cross  of  the  gen- 
eration of  hybrids  the 
genes,  which  determine 
the  characters,  are 
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T 


sesregated  in  the  gametes 
so  that  a  certain  percent 
of  the  offspring  possess 
the  dominant  character 
alone,  a  certain  percent 
the  recessive  character 
alone,  while  a  certain 
percent  are  again  hybrid 
in  nature. 

When  individuals  of  the 
first  hybrid  generation 
are  mated  with  hybrids 
of  the  same  kind,  a 
certain  percent  will 
possess  the  dominant 
character  alone,  a  cer- 
tain percent  the  reces- 
sive character  alone, 
while  a  certain  percent 
are  again  hybrid  in 
nature • 


All  living  organisms 
(except  viruses  and  bac- 
teriophage) carry  on  the 
common  life  processes; 
reproduction,  growth, 
nutrition,  excretion, 
respiration,  and  irri- 
tability. 


1  1 


The  food  requirements  of 
every  living  thing  are: 
fuels  capable  of  yielding, 
when  oxidized,  the  supply 
of  energy  without  which 
life  can  not  continue; 
materials  for  growth  and 
for  replacement  for  the 
slight  wearing  away  of  the 
living  tissue  involved  in 
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any  activity;  minerals, 
the  necessary  constituents 
of  cell  structures,  of 
cex±  proQUCos,  ana  oi  une 
"bathing  fluids  of  cells. 

Survival  of  all  life 
depends  upon  a  suffi- 
cient supply  of  food. 

1 

1 

1 

The  protoplasm  of  a  cell 
carries  on  continuously 
all  the  general  processes 
of  any  living  body;  the 
processes  concerned  in 
the  growth  and  repair  or 
upbuilding  of  protoplasm 
(anabolism)  and  the  pro- 
cesses concerned  with 
the  breaking  down  of 
protoplasm  and  elimina- 
tion of  wastes  from  the 
cell  (catabolism).  The 
sum  of  all  these  chemical 
and  physical  processes  is 
me tabolism. 

The  whole  process  of 
using  food  and  re- 
leasing energy  from  it 
within  the  organism  is 
metabolism. 

1 

1 

The  energy  which  makes 
possible  the  activity  of 
most  living  things  comes 
at  first  from  the  sun  and 
is  secured  by  the  organism 
through  the  oxidation  of 
food  within  its  body. 

The  sun  is  the  earth's 
main  source  of  energy. 

2 

1 

1 

2 

4 

6 

i 
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Oxidation  (combustion) 
furnishes  the  essential 
source  of  heat  in  the 
animal  body;  and,  other 
factors  remaining  constant 
the  more  heat  so  produced, 
the  warmer  the  animal 
body. 


All  living  cells  require 
oxygen  to  provide  energy 
or  to  build  new  proto- 
plasm. 


The  oxygen  of  the  atmos- 
phere is  removed  by  animals 
and  returned  by  chloro- 
phyll- bearing  plants. 


Digestion  accomplishes 
two  things  -  it  makes 
food  soluble  in  water, 
thus  enabling  the  nutri- 
ents to  pass  through 
membranes  and  thereby 
reach  and  enter  the 
cells;  it  reduces  complex 
nutrients  (fats,  pro- 
teins, and  carbohydrates) 
to  a  simple  building 
material  which  in  turn 
can  be  rebuilt  into  what- 
ever living  material  or 
structural  feature  is 
necessary  at  the  place  os 
use. 


An  animal  can  not  live 
without  proteins.  They 
are  necessary  in  cell 


V 


TABLE  I  ( CONTINUED) 


56 


Principles  of 
Biological  Science 

Books  in  Which 
Principles 
Occurred 

Total  Fre- 
quency of 
Occurrence 

M 

S 

P 

D 

N 

T 

growth  and  maintenance ; 
so,  are  necessities  in 
the  diets  of  animals. 
Plants  are  able  to  use 
carbohydrates  and  nitrates 
to  build  up  the  proteins 
necessary  for  growth  and 
maintenance  of  their  cells 

.1 

1 

2 

3 

k 

Starches,  fats,  and  pro- 
teins are  produced  by 
plants  and  it  is  upon 
these  that  all  animals 
depend  primarily  for 
food. 

1 

1 

2 

3 

4 

Water  is  essential  to  all 
living  things  because 
protoplasmic  activity  is 
dependent  upon  an  ade- 
quate water  supply. 

1 

2 

2 

3 

Organisms,  whose  fossils 
are  found  in  any  quanti- 
ty, must  have  lived  and 
died  in  the  period  when 
the  strata  in  which  their 
remains  are  found  were 
laid  down. 

1 

1 

2 

2 

The  physical  and  chemical 
properties  of  plant  and 
animal  protoplasm  are 
similar. 

1 

1 

2 

2 

Osmosis,  the  diffusion  of 
molecules  of  a  solvent 
(usually  water)  through  a 
semi-permeable  membrane 
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(a  layer  of  cells  or  the 
membrane  of  a  single  cell) 
from  the  point  of  highest 
concentration  of  the  sol- 
vent to  a  point  of  lower 
concentration,  with  a 
stoppage  of  the  flow  of 
molecules  of  the  solute, 
is  a  basic  process  in 
plant  and  animal  physi- 
ology. 

1 

1 

2 

3 

4 

The  environment  acts  upon 
living  things,  and  living 
things  act  upon  their  en- 
vironment. 

1 

1 

1 

3 

3 

Findings*     The  total  number  of  different  major 
principles  found  in  the  four  textbooks  was  116.    Of  these, 
80,  or  69»0  percent,  are  principles  of  physical  science, 
and  36,  or  31. 0  percent,  are  biological  principles.  The 
frequency  of  occurrence  of  principles  of  physical  science 
varied  from  37  to  60  in  the  four  books;  of  biological 
science  from  5  to  3I.    The  average  frequency  of  occur- 
rence of  principles  of  physical  science  per  book  was  43,8 
principles;  of  biological  principles  per  book,  18. 3«  The 
frequency  of  occurrence  of  principles  (physical  and  bio- 
logical) varied  from  42  to  91  in  the  four  books  for  an 
average  of  62  principles  per  book. 


— 
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CHAPTER  III 


RESEARCH 

Statement  of  the  Problem 

This  part  of  the  investigation  is  made  (l)  to 
determine  the  experiments  of  physical  and  biological 
science  found  in  four  ninth-grade  textbooks  of  general 
science;  and  (2)  to  assign  to  science  principles  the 
experiments,  the  performance  of  which  should  help  pupils 
of  the  ninth-grade  develop  an  understanding  of  the  prin- 
ciples. 

Techniques  Employed 

The  same  four  textbooks  of  general  science  used  in 
Part  I,  Chapter  II,  of  this  investigation  were  also  used 
for  this  part  of  the  investigation. 

Criteria  for  the  Selection  of  Experiments  from  Textbooks 

There  have  been  no  research  studies  to  determine 
experiments  which  may  be  used  in  developing  principles 
of  science  at  the  different  grade  levels  for  general  edu- 
cation.    Therefore,  criteria  for  the  selection  of  experi- 
ments from  textbooks  had  to  be  established.    The  following 
criterion  for  the  selection  of  experiments  from  textbooks 
was  approved  by  eleven  science  teachers  in  a  Seminar  in 
Science  Education,  Boston  University,  1946-47  and  adhered 
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to  in  the  selection  of  experiments  from  the  four  textbooks; 
To  be  an  experiment  there  must  be  directions  either 
specific  or  implied,  for  the  manipulation  of  apparatus  or 
the  observation  of  material  in  order  to  answer  a  question 
of  science. 

Method  of  Analysis  of  Textbooks  for  Experiments 

The  four  textbooks  previously  selected  were  again 
analyzed  page  by  page  to  determine  the  experiments  included 
in  them.    Whenever  an  experiment  v/hich  complied  with  the 
criterion  was  found,  it  was  written  in  question  form  on 
a  three-by-five  file  card  with  the  book  and  page  number 
at  the  bottom  of  the  card.     In  addition,  the  experiment  was 
marked  with  brackets  in  the  textbook.     In  this  manner  a 
set  of  cards  was  compiled  with  one  experiment  on  each  card, 
and  the  total  number  of  books  containing  that  experiment 
at  the  bottom  of  each  card  along  with  the  number  of  the 
page  or  pages  on  which  the  experiment  was  found  in  the 
respective  books. 

Index  of  Reliability  for  the  Selection  of  Experiments 
from  Textbooks 

To  determine  the  "index  of  reliability"  of  the  in- 
vestigator's judgment  in  the  selection  of  experiments 
from  the  textbooks  the  investigator  reanalyzed  100  pages 
selected  at  random  from  one  of  the  four  textbooks  one 
month  after  the  first  analysis  was  made.    This  was  the  same 
technique  used  previously  to  determine  the  "index  of 
reliability"  of  the  investigator's  judgment  in  the  selection 
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of  principles  from  the  four  textbooks.    The  "index  of 

reliability"  is  here  defined  as:  ,  A 

A  /  B  /  C 

when 

A  is  the  number  of  experiments  common  to  two  analyses 
of  the  same  source  material • 

B  is  the  number  of  experiments  found  only  in  the 
first  analysis. 

C  is  the  number  of  experiments  found  only  in  the 
second  analysis. 

One  hundred  pages  were  selected  at  random  from 
book  number  one.     In  the  original  analysis  of  book 
number  one,  thirty-seven  experiments  were  found.  The 
same  experiments  were  also  discovered  in  the  second 
analysis.    Therefore,  the  final  total  number  of  experiments 
found  was  the  same  as  the  original  number  of  experiments. 
Using  the  above  formula,  the  "index  of  reliability"  was 
found  to  be  100  percent.     It  seems  reasonable,  therefore, 
to  assume  that  the  reliability  of  the  investigator ^ s 
judgment  was  sufficiently  high. 

Assignment  of  Experiments  to  Principles  Comprehensible 
at  the  Ninth-grade  Level 

In  Chapter  II  of  this  investigation  a  list  of  major 
and  minor  principles  of  science  found  in  four  textbooks 
of  general  science  was  formulated.    For  purposes  of  this 
investigation  only  those  experiments  which  could  be  used 
to  develop  these  major  and  minor  principles  were  retained. 

Each  experiment  was  examined  to  see  if  it  might 
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reasonably  be  expected  to  contribute  to  the  development 
of  an  understanding  of  any  of  the  principles.  Those 
experiments  that  could  not  be  used  were  discarded. 
The  purpose  of  every  experiment  that  could  be  used  was 
written  in  question  form  on  the  bottom  of  an  individual 
three-by-five  file  card  on  which  the  particular  principle 
to  which  the  experiment  contributed  had  been  recorded. 
In  some  instances,  it  was  discovered  that  one  experiment 
could  be  used  to  develop  several  principles.    In  such  a 
case,  the  experiment  was  written  in  question  form  on  the 
bottom  of  each  file  card  the  respective  principles  were 
written  on.     In  this  fashion,  each  experiment  found  in 
the  analysis  of  the  four  textbooks  was  either  matched 
with  one  or  more  principles,  or  was  discarded  as  having 
no  value  in  the  development  of  scientific  principles 
found  in  the  four  textbooks. 

Validation  of  the  Statements  of  the  Experiments  and  of 
the  Assignments  of  the  Experiments  to  Principles. 

The  validity  of  the  investigator's  judgment  in  the 
statements  of  the  purposes  of  the  experiments  found  in  the 
textbooks  analyzed  and  in  the  assignment  of  those  experi- 
ments to  the  major  and  minor  science  principles  also 
found  in  these  same  books  was  determined  by  the  judgment 
of  a  specialist"^  in  the  teaching  of  science.    He  checked 
each  experiment  for  its  conf ormability  to  the  criterion 

*Vaden  W.  Miles,  Assistant  Professor  of  the  Teaching 
of  Science,  Boston  University. 


62 

of  an  experiment,  and  also  for  its  correct  assignment  to 
the  major  and  minor  principles  of  science  found  in  the 
four  textbooks.    Any  experiments  judged  by  the  specialist 
as  not  conforming  to  the  criterion  and  which  he  could  not 
reword  so  as  to  conform  were  deleted  from  the  final  list 
of  experiments. 

Furthermore,  experiments  judged  by  the  specialist 
not  to  be  correctly  assigned  to  principles  were  so 
assigned  by  him  to  the  proper  major  or  minor  principles. 
Thus,  the  statements  of  the  purposes  of  the  experiments 
and  their  assignment  to  major  and  minor  principles  were 
validated. 

Table  II  shows  experiments  that  can  be  used  in  de- 
veloping understandings  of  the  principles  of  physical 
and  of  biological  science. 
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TABLE  II 


EXPERIMENTS  THAT  CAN  BE  USED  IN  DEVELOPING-  UNDERSTANDING-S 
OF  THE  PRINCIPLES  OF  PHYSICAL  AI>ID/OR  BIOLOGICAL 
SCIENCE  FOUND  IN  FOUR  NINTH-GRADE 
TEXTBOOKS  OF  G-EKERAL  SCIENCE 


Principles  and  Experiments 

Books  in  "iVhich 
Experiments 
Occurred 

M 

s 

p 

D 

T 

Heat 

When  solids  are  heated,  they  are 
changed  to  liquids,  and  when  liquids 
are  heated,  they  are  changed  to 
vapor. 

*If  a  piece  of  paraffin  wax  is 
placed  in  a  metal  dish  and 
heated,  what  happens  to  the 
paraffin?    If  heat  is  further 
appiieu  to  tne  paraiim,  wnat 
eventually  happens? 

X 

1 

Most  bodies  expand  on  heating  and 
contract  on  cooling;  the  amount  of 
change  depending  upon  the  change 
in  temperature. 

If  a  cooled  flask  is  fitted 
with  a  piece  of  glass  tubing 
in  a  one -hole  stopper  and  a 
balloon    is  attached  firmly 
to  the  glass  tubing,  what 
happens  when  the  flask  is 
heated?    \Vhat  happens  as  the 
flask  is  allowed  to  cool? 

X 

1 

Table  II  is  read  thus:    The  experiment  "if  a  piece 
of  paraffin  wax... etc."  is  one  which  contributes  to  the 
development  of  an  understanding  of  the  minor  principle 
to  which  it  is  assigned.     The  experiment  was  found  only 
in  book  M.     Thus,  the  total  number  of  books  (T)  in  which 
the  experiment  was  found  was  1. 


I 

t 

t 

I 


< 
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Principles  and  Experiments 

Books  in  '.Yhich 
Experiments 
Occurred 

M 

s 

p 

D 

T 

If  a  thin  strip  of  iron  and  a 
thin  strip  of  copper  or  brass 
are  riveted  together,  what 
happens  when  the  device  is 
brought  near  a  flame? 

X 

X 

2 

What  causes  a  thermometer  to 
change  its  readings  at  differ- 
ent temperatures? 

X 

1 

Tf*   a    flaalr    1c    -Pl+tPf^    with  a 

piece  of  glass  tubing  in  a  one- 
hole  stopper  and  the  outer  end 
is  placed  in  a  beaker  of  water, 
what  happens  when  the  flask  is 
heated  with  a  flame? 

X 

1 

Heat  is  liberated  when  a  gas  is 
compressed,  and  is  absorbed  when 
a  gas  expands. 

If  the  outlet  of  a  bicycle  or 
tire  pump  is  closed,  what 
happens  to  the  barrel  of  the 
pump  when  the  piston  is 
rammed  downward? 

X 

1 

If  the  volume  of  a  confined  body 
of  gas  is  kept  constant,  the  pres- 
sure is  proportional  to  the  ab- 
solute temperature. 

If  a  rigid,  air  tight  box  is 
filled  with  a  gas  and  fitted 
with  a  thermometer  and  an 
aneroid  barometer,  what  can 
be  noticed  of  the  readings  on 
each  instrument  as  the  gas  is 
cooled? 

X 

1 
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Principles  and  Experiments 

Books  in  vi/hich 
Experiments 
Occurred 

M 

S 

p 

D 

T 

Liffht 

Refraction  or  bending  of  light 
rays  occurs  when  light  passes 
through  objects  of  different 
densities. 

What  appears  to  happen  to  a 
pencil  that  is  put  partly  under 
water  in  a  drinking  glass? 

X 

1 

What  appears  to  happen  to  a  spoor 
that  is  put  partly  in  a  glass  of 
water? 

X 

1 

XI  a,  penny  is  pxaceo.  m  a  cup 
and  you  move  your  head  back 
slowly  until  the  penny  is  hidden 
from  view  by  the  edge  of  the  cup, 
what  appears  to  happen  as  someone 
pours  water  into  the  cup? 

X 

X 

2 

The  dispersion  of  white  light  into  a 
spectrum  by  a  prism  is  caused  by 
unequal  refraction  of  the  different 
wave  lengths  of  light. 

If  a  beam  of  sunlight  is  allowed 
to  pass  through  a  glass  prism, 
what  is  the  appearance  of  the 
light  as  it  now  strikes  a  piece 
of  white  cardboard? 

X 

X 

X 

X 

Dark,  rough,  or  unpolished  surfaces 
absorb  or  radiate  energy  more 
effectively  than  light,  smooth,  or 
polished  surfaces. 

If  a  beam  of  light  is  projected 
onto  several  boards  of  various 
colors  at  separate  times  so  that 
the  light  is  reflected  from  each 

TABLE  II  (CONTINUED) 
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Principles  and  Experiments 


Books  in  ^;vhlch 
Experiments 
Occurred 


M 


board  to  a  light  meter,  what  is 
the  color  of  the  board  that  re- 
flects the  greatest  amount  of 
light? 


Light  travels  in  straight  lines. 

If  a  lamp  is  arranged  behind 
three  cardboards  standing  in  the 
vertical  position  and  with  pin 
holes  in  each  cardboard,  what 
must  be  the  arrangement  of  the 
pin  holes  in  order  to  sight 
through  them  so  as  to  see  the 
lamp? 


X 


When  light  is  reflected,  the  angle 
of  incidence  is  equal  to  the  angle 
of  reflection. 


If  a  ruler  is  placed  in  front  of 
a  mirror,  what  is  the  relation 
between  the  angle  formed  by  the 
ruler  and  mirror  and  the  angle 
formed  by  a  second  ruler  lined 
up  with  the  image  of  the  first 
ruler  and  mirror? 


Sound 


Sound  is  produced  by  vibrating  matter 
and  is  transmitted  by  matter.  | 

If  a  fine  wire  bristle  is  attached 
to  the  end  of  a  tuning  fork  with 
tiny  drop  of  solder,  what  hap- 
pens when  the  tuning  fork  is 
struck  and  a  piece  of  smoked 
glass  is  placed  beneath  the  wire 
bristle? 
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Principles  and  Experiments 


Books  in  'ifVhich 
Experiments 
Occurred 


M    S     P     D  T 


If  two  pieces  of  rubber  are 
stretched  over  the  end  of  a 
narrow  glass  tube  so  that  one 
slightly  overlaps  the  other, 
what  happens  if  you  blow  into 
the  open  end  of  the  tube  vigor- 
ously enough  to  cause  the  pieces 
of  rubber  to  vibrate? 

If  a  large  tuning  fork  is  struck 
gently  with  a  wooden  hammer, 
what  occurs  when  the  fork  is 
touched  to  the  surface  of  water 
in  a  shallow  dish?    What  hap- 
pens when  the  fork  is  touched  to 
a  pith  ball  suspended  by  a  string? 


If  two  tuning  forks  of  the  same 
pitch  are  mounted  on  different 
boxes,  what  happens  to  the 
second  after  the  first  has  been 
struck  and  is  then  made  to  stop 
vibrating  by  touching  it  with 
the  hand? 

If  an  electric  bell  is  arranged 
in  a  bell  jar  connected  with  an 
air  pump,  what  happens  to  the 
ringing  sound  of  the  bell  as  the 
air  in  the  jar  is  removed  by  the 
pump?    What  happens  as  the  air 
is  allowed  to  enter  the  jar? 

If  an  alarm  clock  is  set  at 
"repeat"  and  placed  on  a  rubber 
pad  under  a  bell  jar,  what  hap- 
pens as  the  air  is  pumped  out 
of  the  jar?    '^at  happens  as  the 
air  is  allowed  to  enter  the  jar? 


X 


X 


X 


X 


X 


Loudness  of  a  sound  depends  upon  the 
force  used  to  produce  it. 

How  is  the  loudness  of  sound 


TABLE  II  (CONTINUED) 


Principles  and  Experiments 

Books  in  'i/IThich 
Experiments 
Occurred 

t  S 

p 

D 

T 

affected  as  a  tuning  fork  is 
struck  harder  and  harder? 

X 

1 

Electricity 

Every  conductor  carrying  a  current 
is  surrounded  by  a  magnetic  field. 

If  a  conducting  wire  is  placed 
near  a  magnetic  compass  so  that 
it  lies  parallel  to  the  compass 
needle,  what  happens  when  the 
switch  is  closed  and  an  electric 
current  is  allowed  to  flow 
through  the  wire? 

X 

X 

2 

An  electric  current  is  produced 
when  two  different  metals  separated 
by  aji  acid  solution  are  acted  upon 
chemically  by  the  solution^ 

If  a  penny  and  a  nickel  (or 
pieces  of  copper  and  zinc)  are 
separated  by  a  piece  of  paper 
towel  soaked  in  a  very  dilute 
solution  of  sulfuric  acid,  what 
happens  when  wires  attached  to 
a  galvanometer  are  touched  to 
the  two  pieces  of  metal? 

1 

If  pieces  of  copper  and  zinc 
wire  are  inserted  into  a  lemon 
and  attached  to  the  poles  of  a 
voltmeter,  is  there  evidence 
of  an  electric  current  being 
produced? 

X 

X 

2 

If  pieces  of  copper  and  zinc 
metal  are  suspended  in  any  acid, 
base,  or  salt  solution,  what 
happens  when  the  pieces  are 
connected  to  a  galvanometer? 

X 

X 

2 

V 


t 
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Principles  and  Experiments 

Books  in  ^JThich 
Experiments 
Occurred 

M 

S 

P 

D 

T 

If  a  carbon  plate  and  a  zinc 
rod  are  suspended  in  a  solution 
of  ammonium  chloride,  what  hap- 
pens when  the  carbon  and  zinc 
are  touched  simultaneously  by 
wires  attached  to  a  door  bell? 

Like  electrical  charges  repei  and 
unlike  electrical  charges  attract. 

If  a  strip  of  thoroughly  dry 
newspaper  one  inch  wide  is  folde 
in  the  middle  and  the  fold  is 
grasped  by  the  left  hand,  what 
happens  when  the  paper  is  drawn 
upward  quickly  between  two  fin- 
gers of  the  right  hand  pressed 
against  it? 

If  a  suspended  pith  ball  is 
touched  by  a  hard  rubber  rod 
rubbed  with  wool  or  fur,  what 
happens  when  the  rubber  rod  is 
again  brought  near  the  ball? 
When  a  glass  rod  rubbed  with 
silk  is  brought  near  the  ball? 
If  a  suspended  pith  ball  is 
touched  by  a  glass  rod  rubbed 
with  silk,  what  happens  when 
the  glass  rod  is  again  brought 
near  the  ball?    When  a  hard 
rubber  rod  rubbed  with  wool  or 
fur  is  brought  near  the  ball? 

If  two  suspended  pith  balls  are 
touched  by  a  hard  rubber  comb 
run  briskly  through  the  hair, 
what  happens?    What  happens  when 
a  glass  rod  rubbed  with  silk  is 
brought  near  the  balls?     If  the 
two  pith  balls  are  touched  by  a 
glass  rod  rubbed  with  silk,  what 
happens?    What  happens  when  a 

i 

X 

X 
X 

X 

1 

1 

2 
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Principles  and  Experiments 

Books  in  Which 
Experiments 
Occurred 

M 

s 

p 

D 

T 

hard  rubber  comb  run  briskly 
through  the  hair  is  brought 
near  the  pith  balls? 

X 

1 

If  two  balloons  are  inflated  and 
suspended  side  by  side,  what 
happens  when  one  of  the  balloons 
is  rubbed  briskly  between  the 
hands  and  then  released? 

X 

1 

If  a  hard  rubber  rod  is  rubbed 
with  fur  and  suspended  in  a  wire 
stirrup,  what  happens  when  a 
second  hard  rubber  rod  rubbed 
with  fur  is  brought  near  one  end 
of  the  suspended  rod? 

X 

X 

X 

3 

If  a  hard  rubber  rod  is  rubbed 
with  flannel,  what  happens  when 
the  rod  is  brought  near  some 
small  bits  of  paper? 

X 

1 

If  a  hard  rubber  comb  is  rubbed 
vigorously  with  a  piece  of  wool, 
what  happens  when  it  is  brought 
near  small  bits  of  paper? 

X 

1 

All  materials  offer  some  resistance 
to  the  flow  of  an  electric  current, 
and  that  part  of  the  electrical 
energy  used  in  overcoming  this 
resistance  is  transformed  into  heat 
energy • 

11  one  eno.  oi  a  snorx.  piece  oi 
fine  bare  copper  wire  is 
attached  to  one  terminal  of  a 
dry  cell  and  the  other  end  is 
held  against  the  second  ter- 
minal, what  occurs? 

X 

X 

X 

3 

!  t  L 
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Principles  and  Experiments 

Books  in  Which 
Experiments 
Occurred 

M 

s 

p 

D 

T 

An  electric  current  may  be  produced 
in  three  ways:  by  rubbing  or  friction, 
chemical  action,  and  the  use  of  a 
magnetic  field. 

If  a  penny  and  a  nickel  ( or 
pieces  of  copper  and  zinc)  are 
separated  by  a  piece  of  paper 
towel  soaked  in  a  very  dilute 
solution  of  sulfuric  acid,  what 
happens  when  wires  attached  to  a 
galvanometer  are  touched  to  the 
two  pieces  of  metal? 

X 

1 

If  pieces  of  copper  and  zinc  wire 
are  inserted  into  a  lemon  and 
attached  to  the  poles  of  a  volt- 
meter, is  there  evidence  of  an 
electric  current  being  produced? 

X 

X 

2 

If  pieces  of  copper  and  zinc 
metal  are  suspended  in  an  acid, 
base,  or  salt  solution,  what  hap- 
pens if  the  pieces  are  connected 
by  wires  to  a  galvanometer? 

X 

X 

2 

If  a  carbon  plate  and  a  zinc  rod 
are  suspended  in  a  solution  of 
ammonium  chloride,  what  happens 
when  the  carbon  and  zinc  are 
tbuched  simultaneously  by  wires 
attached  to  a  door  bell? 

X 

1 

If  a  coil  of  wire  is  attached  to 
a  galvanometer,  what  happens  when 
a  magnet  is  passed  through  the 
center  of  the  coil?     «?hat  happens 
when  the  coil  is  passed  down  over 
the  magnet? 

X 

X 

X 

X 

4 

<, 


< 
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Principles  and  Experiments 


Books  in  iVhlch 
Experiments 
Occurred 


M     S     P     D  T 


Like  magnetic  poles  always  repel 
each  other  and  unlike  magnetic 
poles  always  attract  each  other. 

If  a  large  cylindrical  magnet 
is  placed  on  a  table  and  a 
second  cylindrical  magnet  is 
rolled  towards  it,  what  happens 
if  the  north  poles  of  each 
magnet  are  opposite  each  other? 
If  the  north  pole  of  one  is 
opposite  the  south  pole  of  the 
other? 

If  you  bring  a  magnet  near  a 
compass,  what  happens  when  the 
north  pole  of  the  magnet  is 
presented?    The  south  pole  is 
presented? 

If  a  bar  magnet  is  suspended  in 
a  stirrup,  what  happens  when  the 
north  pole  of  a  second  bar  magnel 
is  presented  to  the  suspended 
magnet?    The  south  pole  is  pre- 
sented? 


A  magnet  always  has  two  poles,  and 
is  surrounded  by  a  field  of  force. 

If  a  bar  magnet  is  laid  on  a 
table  and  covered  with  a  sheet 
of  glass,  or  paper,  how  do  iron 
filings  sprinkled  on  the  sheet 
arrange  themselves  when  the 
sheet  is  tapped  lightly  with  a 
pencil? 


X 


X 


X 
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Books  in  Yfliich 
Experiments 
Occurred 

M 

S 

p 

D 

T 

Energy 

Energy  is  often  transmitted  in  the 
form  of  waves. 

If  a  fine  wire  bristle  is 
attached  to  the  end  of  a  tuning 
fork  with  a  tiny  drop  of  solder, 
what  happens  when  the  tuning  fori? 
is  struck  and  a  piece  of  smoked 
glass  is  placed  beneath  the  wire 
bristle? 

X 

1 

Matter  may  be  transformed  into  energy 
and  energy  into  matter,  the  sum-total 
matter  plus  energy,  remains  constant. 

If  a  piece  of  coal  is  sealed  in- 
to a  1ar  with  oxveen.  the  iar  is 
weighed,  and  the  coal  is  set  on 
fire  by  an  electric  spark,  what 
is  the  weight  of  the  jar  after 
burning  is  complete?    How  does 
the  second  weight  compare  with 
the  first? 

X 

1 

Mechanics 

There  is  a  force  called  gravity  which 
exerts  a  pull  between  any  two  ob- 
jects no  matter  what  their  size  nor 
where  they  are. 

If  a  coiled  spring  is  attached 
to  a  solid  support  and  hung  in 
a  vertical  position,   is  there  a 
difference  in  pull  when  objects 
of  different  size  and  weight 
are  suspended  from  the  free  end 
of  the  spring? 

X 

1 
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Books  in  Which 
Experiments 
Occurred 


M    S    P     D  T 


The  pressure  under  water  becomes 
greater  as  the  depth  becomes  greater. 

If  the  top  of  a  thistle  tube  is 
covered  with  a  sheet  of  rubber 
and  the  stem  of  the  thistle  tube 
is  connected  to  a  manometer  by  a 
rubber  tube,  what  happens  as  the 
thistle  tube  is  placed  at  various 
depths  of  water  in  a  jar. 

If  a  bottle  is  fitted  with  three 
jets  placed  at  different  heights 
along  its  side,  which  stream  is 
projected  outward  the  greatest 
distance  when  the  bottle  is 
filled  with  water? 


A  body  emersed  or  floating  in  a 
liquid  is  buoyed  up  by  a  force 
equal  to  the  weight  of  the  fluid 
displaced. 

If  a  piece  of  aluminum  foil 
is  folded  to  make  a  "boat", 
what  happens  when  it  is  placed 
on  the  surface  of  water  in  a 
jar?    If  the  piece  of  aluminum 
foil  is  rolled  into  a  ball, 
what  happens  when  it  is  set  on 
the  surface  of  water? 

If  a  stone  is  suspended  from  a 
spring  scale,  what  happens  to 
the  weight  registered  on  the 
scale,  if,  after  the  weight  has 
been  taken,  the  stone  is 
lowered  into  a  pail  of  water? 

If  a  previously  weighed  pan  is 
floated  in  a  bucket  filled  to 
the  brim  with  water  so  that  the 
water  displaced  by  the  floating 


X 


X 


X 


X 
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pan  overflows  the  "bucket  into 
another  pan,  how  does  the  weight 
of  the  amount  of  water  which 
overflowed  compare  with  the 
original  weight  of  the  floating 
pan?    If  stones  are  added  to 
the  floating  pan  until  it  is  in 
danger  of  sinking,  how  does  the 
weight  of  the  displaced  water 
compare  with  the  weight  of  the 
floating  pan  plus  its  cargo? 

X 

1 

If  a  known  weight  is  suspended 
from  a  spring  balance  and 
lowered  into  a  jar  filled  with 
water,  how  does  the  weight  of 
the  displaced  water  compare 
with  the  weight  lost  after  the 
known  weight  was  lowered  into 
the  water? 

X 

X 

2 

The  pressure  at  a  point  in  any 
fluid  is  the  same  in  all  directions. 

If  the  top  of  a  thistle  tube  is 
covered  with  a  sheet  of  rubber 
and  the  thistle  tube  is  con- 
nected to  a  manometer  by  a 
rubber  tube,  and  the  thistle 
tube  is  placed  below  the  surface 
of  water  in  a  jar,  is  there  any 
change  in  the  readings  of  the 
manometer  as  the  thistle  tube 
is  turned  in  different  direc- 
tions at  the  same  depth  of 
water? 

X 

1 

When  the  resultant  of  all  the  forces 
acting  on  a  body  is  zero,  the  body 
will  stay  at  rest,  if  at  rest,  or  it 
will  keep  in  uniform  motion  in  a 
straight  line,  if  it  is  in  motion. 
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If  some  books  are  placed  on  a 
piece  of  paper,  what  happens 
to  the  books  when  the  paper  is 
jerKea.  irom  under  uriem  quicKiyt 

X 

1 

If  a  marble  is  pushed  by  a  pen- 
cil fairly  rapidly  over  the  top 
of  a  table,  what  happens  when 
the  pencil  is  brought  to  a 
sudden  stop? 

X 

1 

A  spinning  body  offers  resistance 

direction  of  the  axis  about  which 
the  body  rotates. 

If  a  gyroscope  is  caused  to 
spin,  what  happens  when  you 
attempt  to  turn  it? 

X 

1 

Sliding  friction  is  dependent  upon 
the  nature  and  condition  of  the 
ruDDing  sun  aces* 

If  a  heavy  book  or  box  is 
pushed  over  the  top  of  a  table, 
does  it  drag?    Is  there  a  dif- 
ference in  drag  if  the  book  or 
box  is  rolled  on  four  marbles? 

X 

1 

In  the  lever  the  force  times  its 
distance  from  the  fulcrum  equals 
the  weight  times  its  distance  from 
the  fulcrum. 

If  a  fulcrum  is  placed  one  foot 
from  one  end  of  a  six  foot  lever 
what  force  is  required  to  balance 
a  five  pound  weight  placed  on  th( 
end  which  is  one  foot  from  the 
fulcrum? 

■ 

X 

1 
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In  the  inclined  plane,  weight  times 
height  equals  acting  force  times 
length,  providing  friction  is  neg- 
lected and  the  force  is  parallel  to 
the  plane* 

If  one  end  of  a  smooth  board 
four  feet  long  is  raised  one 
foot,  what  force  is  necessary 
to  pull  a  toy  cart  weighing 
one  pound  up  the  inclined  plane? 
If  the  slope  and  weight  of  the 
cart  are  changed,  what  force  is 
now  needed  to  pull  the  cart  up 
the  inclined  plane? 


If  one  end  of  a 
long  is  raised 
than  the  other 
is  required  to 
pound  weight  up 
plane?    If  one 
is  now  raised  s 
than  the  other 
is  required  to 
pound  weight  up 
plane? 


plank  18  feet 
two  feet  higher 
end,  what  force 
pull  a  nine 

the  inclined 
end  of  the  plajik 
ix  feet  higher 
end,  what  force 
pull  a  three 
the  inclined 


The  total  mass  of  a  quantity  of 
matter  is  not  altered  by  any  chemi- 
cal changes  occurring  among  the 
materials  composing  it. 

If  a  piece  of  coal  is  sealed 
in  a  jar  with  oxygen,  the  jar 
is  weighed,  and  the  coal  is  set 
on  fire  by  an  electric  spark, 
what  is  the  weight  of  the  jar 
after  burning  is  complete?  How 
does  the  second  weight  compare 
with  the  first? 
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Biolop^y 

Osmosis,  the  diffusion  of  molecules 
of  a  solvent  (usually  water)  through 
a  semi-permeable  membrane  (  a  layer 
of  cells  or  the  membrane  of  a  single 
cell)  from  the  point  of  highest  con- 
centration of  the  solvent  to  a  point 
of  lower  concentration,  with  a  stop- 
page of  the  flow  of  molecules  of  the 
solute,  is  a  basic  process  in  plant 
and  animal  physiology. 

If  the  mouths  of  two  thistle 
tubes  are  each  covered  with  a 
piece  of  casing  from  a  sausage 
and  are  suspended  in  an  inverted 
position  after  a  solution  of 
sugar  has  been  poured  into  one 
tube  and  plain  water  has  been 
poured  into  the  other,  what 
happens  when  the  thistle  tubes 
are  each  lowered  the  eame  amount 
into  a  Jar  of  water  and  allowed 
to  stand? 

X 

X 

2 

The  forms  of  all  chlorophyll- 
bearing  plants  are  adapted  for 
carrying  on  photosynthesis. 

If  parts  of  two  or  three  leaves 
of  a  geranium  plant  are  covered 
by  pinning  squares  of  cork  and 
carbon  paper  on  both  sides  and 
one  p±anx»  is  ±ei  l  m  Lne  sun- 
light for  several  hours,  how  do 
the  covered  parts  of  the  leaves 
compare  with  the  uncovered 
parts  when  they  are  all  given 
the  test  for  starch? 

X 

X 

2 
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Findings*    The  total  niunber  of  different  assignments 
of  experiments  defensibly  assigned  to  principles  was  63. 
Of  these,  61,  or  96.8  percent,  were  assigned  to  principles 
of  physical  science,  and  2,  or  5.2  percent,  were  assigned 
to  biological  principles.    The  averae'e  niamber  of  experi- 
ments per  book  which  were  deemed  suitable  for  developing 
■understandings  of  principles  was  for  physical  science, 
20.5;  for  biological  science,  1.0  for  both,  21.5.  The 
number  of  experiments  which  were  deemed  suitable  for  de- 
veloping understandings  of  principles  of  physical  science 
varied  from  14  to  26  for  the  four  books.     Comparable  data 
showed  only  one  such  biological  experiment  for  each  of 
two  books,  two  for  one  book,  and  none  for  the  fourth  book. 


CHAPTER  IV 

SUMMARY,  CONCLUSIONS,  AND  RECOMENDATIONS 

Restatement  of  the  Problem 

This  Investigation  Is  made  (l)  to  determine  the  princi- 
ples and  experiments  of  physical  and  biological  science 
found  in  four  ninth-grade  textbooks  of  general  science; 
and  (2)  to  assign  to  these  principles  the  experiments,  the 
performance  of  which  should  help  pupils  of  the  ninth  grade 
develop  an  understanding  of  the  principles. 

Summary  of  the  Techniques  Employed 

This  Investigation  was  conducted  after  selecting 
four  general  science  textbooks  which  conformed  to  criteria 
established  by  the  investigator. 

Criteria  for  the  selection  of  principles  from  the 
textbooks  were  approved  by  a  group  of  science  teachers  in 
a  Seminar  in  Science  Education,  Boston  University,  1946-47 
and  were  adhered  to  in  selecting  the  principles  from  the 
four  textbooks  analyzed. 

Criteria  for  the  statement  of  a  principle  for  com- 
prehension at  the  ninth-grade  level  were  adopted  by  the 
same  group.  Every  statement  of  a  principle  which  complied 
with  the  criteria  was  selected  from  the  textbooks. 

The  list  of  physical-science  and  biological-science 
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principles  was  reviewed  by  a  specialist  in  the  teaching 
of  science  v/ho  checked  each  principle  for  conf ormability 
to  the  criteria  established  for  the  statement  of  a  prin- 
ciple for  comprehension  at  the  ninth-grade  level  and  also 
for  correct  assignment  to  the  related  major  principle  or 
principles  in  Wise's  or  Martin's  list.    All  statements 
of  principles  Judged  by  the  specialist  as  not  conforming 
to  the  criteria  and  v;hich  he  could  not  reword  so  as  to 
conform  were  deleted  from  the  final  list  of  principles. 
Furthermore,  if  the  language  in  a  statement  of  a  principle 
was  not  suitable  for  the  ninth-grade  level  of  comprehen- 
sion, the  specialist  reworded  the  principle  to  make  it 
comprehensible  at  that  grade  level. 

All  principles  judged  by  the  specialist  to  be  in- 
correctly assigned  by  the  investigator  to  the  related 
major  principle  or  principles  in  Wise's  or  Martin's  list 
was  so  assigned  by  him  to  the  related  major  principle  or 
principles.    Thus,  the  statement  of  the  principles  of 
science  for  comprehension  at  the  ninth-grade  level  and 
their  assignments  to  the  related  major  principles  in 
Wise's  or  Martin's  list  were  validated. 

An  "index  of  the  reliability"  of  the  investigator's 
judgment  in  the  selection  of  statements  of  principles 
from  the  four  textbooks  was  determined  by  a  reanalysls 
of  a  random  sampling  of  100  pages  from  one  of  the  text- 
books analyzed,  tv/o  months  after  the  first  analysis. 
The  "index  of  reliability"  was  95.2  percent.  This 
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indicated  that  the  reliability  of  the  investigator » s 
judgment  was  sufficiently  high. 

A  criterion  for  the  selection  of  experiments  from 
textbooks,  which  was  adopted  by  the  same  Seminar,  was 
adhered  to  in  the  selection  of  experiments  from  the  four 
textbooks  analyzed.    The  statements  of  the  purposes  of 
the  experiments  were  written  in  question  form. 

The  experiments  were  reviewed  by  a  specialist  in  the 
teaching  of  science  who  checked  each  experiment  for  its 
conf ormability  to  the  established  criterion  and  also  for 
its  correct  assignment  to  the  major  or  minor  principles 
of  science  found  in  the  four  textbooks.    Any  experiment 
judged  by  the  specialist  as  not  conforming  to  the  criterion 
or  which  could  not  be  reworded  by  him  so  as  to  conform 
was  deleted  from  the  final  list  of  experiments. 

Any  experiments  judged  by  the  specialist  not  to  be 
correctly  assigned  to  principles  were  so  assigned  by  him 
to  the  proper  principles.    Thus,  the  statements  of  the 
purposes  of  the  experiments  and  their  proper  assignment 
to  the  major  and  minor  principles  found  in  the  four  text- 
books were  validated. 

The  "index  of  the  reliability"  of  the  investigator's 
judgment  in  the  selection  of  experiments  from  the  four 
textbooks  was  determined  by  a  reanalysis  of  a  random  sam- 
pling of  100  pages  from  one  of  the  textbooks  analyzed, . 
one  month  after  the  first  analysis.    The  "index  of  the 
reliability"  was  100  percent.    Thus,  the  reliability  of 
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the  investigator »s  judgment  in  the  selection  of  experi- 
ments from  the  textbooks  wes  sufficiently  high. 

Summary  of  the  Findings 

The  authors  dwelt  more  on  principles  of  physical 
science  than  on  those  of  biological  science*  The  prin- 
ciples of  physical  science  outnumbered  the  principles 
of  biological  science  by  more  than  tv/o  to  one.  There 
was  a  definite  lack  of  the  use  of  principles  of  biolog- 
ical science.  In  very  few  instances  was  a  particular 
principle  repeated  in  the  same  textbook. 

Conclusions 

This  investigation  reveals  that  some  authors  of 
present  day  textbooks  of  general  science  still  attempt  to 
teach  factual  matter  without  showing  its  relationship  to 
principles  of  science.    Thus,  there  is  shown  a  lack  of 
recognition  of  the  proven  value  of  teaching  principles  of 
science.    Moreover,  some  authors  seem  unable  to  delineate 
betv;een  principles,  mere  facts,  and  definitions.  Further- 
more, the  textbooks  seem  to  be  written  with  a  scope  for 
use  in  any  section  of  the  country  rather  than  being  adapted 
to  certain  specific  regions. 

Recommendations 

This  investigation,  which  was  the  first  of  its  kind 
to  make  use  of  defensible  lists  of  principles  of  physical 
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science  and  biological  science  at  the  ninth-grade  level 
of  general  education,  has  been  responsible  for  the 
analysis  of  four  ninth-grade  textbooks  of  general  science. 
There  are  several  other  general  science  textbooks  written 
specifically  for  the  ninth-grade  level.     It  is,  there- 
fore, here  recommended  that  the  remaining  ninth-grade 
general  science  textbooks  be  so  analyzed.     It  is  further 
recommended  that  the  relative  values  of  the  various 
principles  of  science  be  determined  for  their  inclusion 
in  courses  of  study  in  general  science  at  the  ninth- 
grade  level.    It  is  also  recommended  that  the  relative 
values  of  the  experiments  suitable  for  the  ninth  grade 
be  determined  for  their  development  of  understandings  of 
the  principles  of  science.    Moreover,  suitable  appli- 
cations of  these  principles  should  be  determined  for 
courses  of  general  science.  ■ 
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APPENDIX 


LIST  OF  EXPERIMENTS  1/VHICH  THE  INVESTIGATOR 
COULD  NOT  ASSIGN  TO  A  PRINCIPLE 


If  rods  of  iron,  copper,  glass,  and  zinc  are  each 
pushed  throTOgh  a  piece  of  asbestos  so  that  all  four  rods 
touch  at  one  end,  what  happens  to  pieces  of  tallow  placed 
at  the  other  ends  of  the  rods  when  heat  is  supplied  at 
the  point  where  the  rods  touch  each  other?    Which  rod 
conducts  heat  most  rapidly? 

If  tufts  of  absorbent  cotton  are  wrapped  around  the 
bulbs  of  several  thermometers,  and  the  thermometers  are 
each  dipped  into  separate  types  of  liquids,  viz.  kerosene, 
water,  alcolol,  carbona,  and  ether,  what  is  the  tem- 
perature reading  of  each  thermometer? 

If  one  end  of  a  long  piece  of  glass  tubing  is  held 
in  a  flame  until  it  melts  and  the  end  of  the  tube  closes, 
what  happens  if  air  is  blown  through  the  tube? 

If  the  ends  of  pieces  of  wool,  glass,  stone,  and  metal 
are  each  placed  against  a  hot  surface,  which  heats  up  the 
quicker?    Which  takes  the  longer  to  heat  up?    If  the  pieces 
are  now  placed  against  a  piece  of  ice,  v/hich  cools  the 
quicker?    Which  takes  the  longer  to  cool? 

If  three  250  cc,  beakers,  the  first  being  wrapped  in 
paper  and  covered  with  a  board,  the  second  being  wrapped 
in  aluminum  foil  and  covered  with  metal,  the  third  being 
left  unwrapped  and  uncovered,  are  each  placed  in  separate 
400  cc.  beakers  of  water  and  heated,  what  is  the  temperature 
of  each  after  10  minutes? 

If  a  v/eighed  piece  of  iron  is  heated  and  placed  in  a 
beaker  of  cold  water  and  a  beaker  of  boiling  water  equal 
in  weight  to  the  piece  of  iron  is  poured  into  a  second 
beaker  of  cold  water,  vrhich  beaker  will  be  the  hottest 
after  a  stable  temperature  has  been  reached? 

If  a  neon  tube  is  attached  to  an  Induction  coil,  what 
happens  v/hen  the  coil  is  attached  to  a  dry  cell? 

If  two  light  bulbs  are  connected  in  series  what  happens 
when  one  bulb  is  unscrewed?    What  happens  to  the  brightness 
when  a  third  bulb  is  added?    If  the  lights  are  now  arranged 
in  parallel,  what  happens  vihen  one  bulb  is  unscrewed? 
What  happens  when  a  third  bulb  is  added? 
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If  a  test  tube  containing  a  little  water  is  stoppered 
loosely,  what  happens  to  the  stopper  as  the  water  is  heated 
to  form  steam? 

What  happens  when  steam  generated  in  a  flask  is 
directed  to  the  paddles  of  a  paddle  wheel? 

If  a  test  tube  inverted  in  a  beaker  of  water  is  placed 
under  a  bell  jar,  what  happens  to  the  water  in  the  test 
tube  as  the  air  is  pumped  out  of  the  bell  jar?    What  happens 
as  the  air  is  allowed  to  flow  back  in? 

If  two  deflated  balloons  -  one  tied,  the  other  untied  - 
are  placed  in  a  bell  jar,  what  happens  as  the  air  is  pumped 
out  of  the  bell  jar? 

If  two  glass  tubes  connected  at  the  top  are  placed, 
one  in  a  beaker  of  water,  the  other  in  a  beaker  of  oil, 
what  happens  when  air  is  withdrawn  from  both  tubes  equally 
at  the  top? 

If  tv/o  bottles,  one  with  water  and  stopper,  the  other 
open,  are  connected  by  a  piece  of  bent  tubing  and  placed 
in  a  bell  jar,  what  happens  when  the  air  is  pumped  out 
of  the  jar? 

If  a  spark  plug,  screwed  into  a  hole  in  a  tin  can, 
is  attached  to  an  induction  coil,  which  in  turn  is 
attached  to  two  dry  cells  v/ith  a  switch  between,  what 
happens  when  a  few  drops  of  ether  are  placed  in  the  can, 
the  cover  is  placed  on  the  can,  and  the  switch  is  thrown? 

If  a  U-shaped  glass  tube  is  attached  to  a  ruler 
and  filled  about  one- third  full  of  mercury,  what  is  the 
difference  in  the  level  of  mercury  in  the  two  arms  when 
air  is  blovm  with  the  mouth  into  one  end  of  the  manometer 
tube?    How  many  pounds  per  square  inch  does  the  reading 
correspond  to? 

If  a  darning  egg  vilth  a  nail  driven  into  it  is  placed 
under  a  faucet  with  the  large  end  up,  how  does  the  water 
flow  over  the  darning  egg?    If  a  toy  automobile  is  held 
under  the  faucet,  how  does  the  flow  of  water  compare  with 
the  flow  over  the  darning  egg? 

If  a  weight  is  tied  to  a  support  ^vlth  a  string,  how 
does  the  rate  of  swing  of  the  pendulum  vary  as  the  length 
of  string  is  varied? 

If  a  coin  is  placed  on  a  card  over  the  open  mouth 
of  a  tumbler  and  the  card  is  snapped  with  the  finger  what 
happens  to  the  coin? 
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If  a  piece  of  paper  is  creased  in  the  micdle  cross- 
wise, folded,  and  one  half  of  the  paper  is  curved  to  make 
it  convex,  while  the  flat  half  is  placed  inside  a  book, 
what  happens  when  you  blow  on  the  folded  edge  of  the  paper? 

If  a  tablespoonf ul  of  alcohol  is  poured  into  a 
flask  to  which  a  stopper  v/ith  a  glass  tube  has  been 
attached,  and  heated,  what  happens  inside  the  flask  V7hen 
enough  air  has  been  pumped  in  to  blow  the  stopper  out? 

If  a  box  standing  on  end  is  fitted  with  a  weight 
suspended  from  the  top  and  a  pencil  is  attached  to  the 
weight  so  that  it  just  touches  a  piece  of  paper  fastened 
to  the  bottom  of  the  box,  what  happens  when  the  box  is 
jarred  suddenly? 

If  a  flask,  fitted  v/ith  a  thistle  tube  and  bent 
glass  tubing  which  leads  to  an  inverted  bottle  filled 
with  water  and  standing  in  a  water  bath,  is  partly  filled 
with  a  solution  of  molasses,  warm  water,  and  yeast, 
what  happens  to  the  water  in  the  inverted  bottle?  ^(hat 
happens  to  a  glowing  splint  when  it  is  thrust  into  the 
bottle  of  collected  gas? 

If  a  solution  of  molasses  and  yeast  is  distilled 
using  a  distilling  condenser,  what  is  the  nature  of  the 
liquid  which  collects  from  the  end  of  the  condenser? 

If  similar  amounts  of  dough  are  placed  in  two  separate 
jars,  one  with  yeast,  the  other  without,  what  occurs 
if  the  dough  is  allowed  to  stand  overnight? 

If  a  spoonful  of  sugar  is  heated  in  a  dry  test 
tube,  what  collects  in  the  upper  part  of  the  tube? 
What  happens  to  the  sugar? 

If  tv/o  dry  cells  are  connected  in  series  and  the 
loose  ends  of  the  wires  are  esch  placed  under  separate 
bottles  which  have  been  previously  filled  with  water 
and  inverted  in  a  water  bath,  what  happens  to  the  water 
in  the  two  bottles?    Which  bottle  collects  the  gas  more 
quickly?    What  happens  when  a  lighted  splinter  is 
inserted  into  the  bottle  with  the  more  abundant  gas? 
What  happens  when  a  glov/ing  splinter  is  inserted  into 
the  second  bottle? 

If  a  quarter  of  a  tes spoonful  of  pure  potassiim 
chlorate  is  heated  in  a  test  tube,  what  happens  when  a 
glowing  splinter  is  thrust  into  the  test  tube? 

What  happens  vvhen  a  tiny  piece  of  metallic  sodium 
is  placed  in  a  beaker  of  v/ater?    If  the  water  is  now 
evaporated  in  an  evaporating  dish  what  remains  after 
all  the  water  has  been  evaporated  off? 
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If  a  small  strip  of  magnesium  ribbon  is  held  in 
a  pair  of  forceps,  lighted  with  a  match,  what  happens? 

If  five  test  tubes  arranged  in  a  rack  are  partly- 
filled  with  dilute  hydrochloric  acid  and  pieces  of  mag- 
nesium, zinc,  iron,  tin,  and  copper  are  placed  into 
separate  tubes,  which  metal  shows  the  most  violent 
chemical  activity?    Which  metal  shows  the  least  violent 
chemical  activity? 

If  some  steel  wool  is  placed  in  a  test  tube  and 
the  tube  is  inverted  over  a  beaker  of  water,  what  can 
be  observed  if  the  apparatus  is  allowed  to  stand  over- 
night? 

If  a  piece  of  pure  iron  is  placed  in  one  test  tube 
and  a  piece  of  steel  is  placed  in  a  second  and  the  two 
metals  are  each  covered  with  dilute  nitric  acid,  v/hat 
happens  to  the  tv/o  pieces  of  met^l?    Wliat  remains  in 
the  test  tube  which  contained  the  steel?    the  pure  iron? 

If  equal  parts  of  copper  oxide  and  finely  powdered 
ch  rcoal  are  placed  in  a  test  tube  and  heated,  what  is 
the  appearance  of  the  material  after  it  has  been  cooled 
and  spread  out  on  a  piece  of  white  paper? 

If  a  carbon  rod  and  a  copper  strip  placed  in  a 
solution  of  copper  sulfate  are  attached  by  wires  to  the 
terminals  of  a  dry  cell  (the  copper  being  attached  to  the 
central  terminal),  and  laft  for  a  few  minutes,  what 
appears  on  the  carbon  rod? 

If  a  sample  of  quicklime  is  placed  in  a  beaker, 
what  happens  as  water  is  added?    If  the  slaked  lime 
is  mixed  with  sand  and  spread  on  a  board  what  changes 
occur  through  a  period  of  a  few  days? 

If  small  pieces  of  soft  coal  are  placed  in  a  test 
tube  and  heated,  what  happens  when  the  flame  is  applied  to 
the  gas  escaping  from  the  tube? 

What  happens  to  blue  litmus  paper  after  being  placed 
in  some  fresh  milk?    If  the  milk  is  left  in  a  warm  place 
for  forty-eight  hours,  what  happens  to  blue  litmus  after 
being  placed  in  this  milk? 

What  happens  to  16mm.  film  when  a  match  is  touched 
to  it? 

If  a  tea  spoonful  each  of  potassium  chlorate  and 
manganese  dioxide  is  placed  in  a  test  tube,  heated,  and 
the  gas  given  off  is  collected  by  the  displacement  of 
water,  v/hat  happens  v/hen  a  glowing  splint  is  thrust  into 
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one  of  the  bottles  of  gas?    What  happens  when  a  piece  of 
magnesiiiiD  ribbon  is  burned  in  one  of  the  bottles?  What 
happens  when  sulfur  in  a  deflagrating  spoon  is  burned  in 
one  of  the  bottles?    What  happens  when  heated  steel  wool 
is  thrust  into  one  of  the  bottles? 

If  a  piece  of  clay  is  moisened,  kneaded,  and  pressed 
into  a  brick  mold,  what  is  its  appearance  after  it  has 
been  heated  under  a  can  for  a  few  hours?    If  cement,  sand, 
and  gravel  are  mixed  with  a  little  v/ater  and  poured  into 
a  form,  what  is  the  appearance  of  the  material  after  a 
day  or  two? 

If  the  salts  of  copper,  sodium,  potassim,  and  cobalt 
are  each  held  in  a  flame  by  a  piece  of  iron  wire,  what 
colors  are  given  off  by  each  salt? 

If  the  end  of  a  parsnip  root  is  cut  off  and  the 
parsnip  is  stood  on  end  for  a  few  days  in  a  glass  of  red 
ink,  what  can  be  observed? 

If  two  geranium  plants  are  each  set  under  separate 
bell  jars,  one  plant  sitting  in  limewater  and  the  other 
resting  in  plain  water,  what  happens  to  the  limewater? 
To  the  plain  water?    What  gas  is  given  off? 

If  two  jars  are  filled  with  water  and  connected 
with  a  piece  of  bent  glass  tubing  also  filled  with  water 
except  for  an  air  bubble,  and  a  leaf  is  inserted  into 
one  of  the  bottles  so  that  its  stem  protrudes  into  the 
water,  in  v/hlch  direction  does  the  air  bubble  move 
when  the  apparatus  is  placed  in  sunlight? 

If  five  sterilized  Petri  dishes  are  partly  filled 
with  agar  and  covered  and  sealed,  after  dish  1  has  been 
uncovered  for  five  minutes,  dish  2  has  been  soiled  with 
a  small  quantity  of  earth,  dish  3  has  had  finger  prints 
and  a  hujiian  hair  placed  in  it,  dish  4  has  had  a  drop  of 
water  and  a  piece  of  meat  placed  in  it,  while  dish  5 
has  been  sealed  immediately,  what  is  observed  at  the  end 
of  48  hours? 

If  a  funnel  is  inverted  in  a  jar  of  water,  some 
seav/eed  is  placed  under  the  funnel,  and  a  test  tube 
filled  with  water  is  inverted  over  the  funnel,  v/hat  happens 
when  the  apparatus  is  placed  in  the  sunlight?    What  happens 
when  a  glowing  splint  is  thrust  into  the  test  tube  of 
gas  previously  collected? 

If  a  bottle  containing  peas  wrapped  in  moist  cotton 
is  connected  to  a  second  bottle  containing  limewater  by 
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means  of  bent  gless  tubing,  what  happens  to  the  limewater 
as  plain  water  is  poured  into  the  first  bottle  forcing 
the  gas  into  the  second  bottle? 

If  a  chicken  bone  is  placed  in  dilute  hydrochloric, 
left  until  it  has  softened,  and  the  solution  is  heated  in 
an  evaporation  dish,  what  appears  in  the  dish  after  all 
the  liquid  has  been  evaporated  away? 

What  happens  to  the  pulse  beat  after  doing  a  "stand- 
ing run"  for" fifty  paces?    What  happens  to  the  pulse 
beat  after  being  seated  for  ten  minutes  follov/ing  the 
"standing  run"? 

If  a  toothpick  with  a  drop  of  weak  vinegar  on  the 
end  is  touched  to  the  top  of  the  tongue  well  toward  the 
back  of  the  mouth,  is  the  vinegar  tasted  immediately? 
If  the  toothpick  is  touched  to  the  side  of  the  mouth, 
how  quickly  is  the  vinegar  tasted? 

If  a  thin  paste  of  flour  and  water  is  heated,  what 
happens  when  you  add  iodine  solution?    If  thin  corn 
syrup  and  Fehllng's  solution  are  heated  in  a  test  tube, 
what  color  appears?    If  a  sixth  of  a  test  tube  of  nitric 
acid  is  added  to  a  small  amount  of  egg  white  or  milk 
in  a  test  tube  and  brought  to  a  boll,  what  happens  after 
the  acid  is  carefully  poured  off  and  amjnonium  hydroxide  is 
added?    If  a  small  amount  of  groimd  corn  is  placed  on 
a  piece  of  paper  and  heated  over  a  metal  disk,  what  appears 
on  the  paper  around  the  corn? 

If  a  little  milk  is  gently  heated  in  a  test  tube, 
what  happens  when  a  quarter  teaspoonful  of  liquid  rennet 
is  added  and  the  mixture  is  allowed  to  stand  a  few- 
minutes?     If  dilute  hydrochloric  acid  or  vinegar  is  added 
to  some  milk  in  a  test  tube,  what  is  the  appearance 
after  the  mixture  has  been  shaken? 

If  pieces  of  bronze,  copper,  and  tin  are  each 
scratched  with  a  steel  knife,  which  scratches  the  least 
easily?    Which  scratches  the  easiest? 

If  pieces  of  marble  and  granite  are  each  scratched 
with  the  point  of  a  steel  knife,  which  scratches  more 
easily?    i/Vhlch  scratches  the  harder? 

If  pieces  of  marble  or  limestone  are  placed  in  one 
bottle  and  pieces  of  granite  are  placed  in  another  and 
water  and  hydrochloric  acid  are  added,  what  happens  in 
each  bottle? 

What  happens  if  a  test  tube  is  filled  with  a  mixture 
of  soil  and  water  and  allowed  to  stand?    If  a  test  tube 
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is  filled  with  a  mixture  of  soil  and  water,  what  happens 
if  the  mixture  is  filtered  through  filter  paper?    If  a 
lump  of  alum  dissolved  in  some  hot  water  is  added  to  a 
test  tube  of  soil  and  water,  what  happens  when  limewater 
is  added  and  the  solution  is  shaken?    What  sort  of  odor 
and  taste  will  result  from  bubbling  chlorine  gas  into  tap 
water?    If  some  pond  v/ater  is  examined  under  a  microscope 
before  and  after  chlorine  gas  has  been  bubbled  into  it, 
how  do  the  two  examinations  compare? 

If  two  persons  stand  facing  each  other  at  a  distance 
of  about  two  feet,  what  happens  when  one  person  drops  a 
coin  from  a  height  of  50  inches  and  the  second  person 
tries  to  thrust  his  foot  under  it? 

If  samples  of  sand,  clay,  and  humus  are  placed  in 
separate  lamp  chimneys  fitted  with  cloth  at  the  base, 
what  happens  when  the  chimneys  are  placed  in  a  pan  of 
water?    Which  absorbs  the  water  fastest?    Which  absorbs 
the  most  water? 
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